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In clinical work it is a common practice to determine the percentage of 
split and of unsplit fat in the feces. Under the term “fat” are included all 
substances soluble in ether. Thus various pigments, sterols, etc., are included, 
but the percentage amount of these substances is very small. Therefore no 
serious error is introduced by regarding the ether extract as containing only 
neutral fat and fatty acids, free or derived from soaps. In some methods 
(Kumagawa and Suto, 1908; Saxon, 1914) estimations are made on the moist 
fresh feces, in other methods (Folin and Wentworth, 1910; Cammidge, 
1914; Holt, Courtney and Fales, 1919) estimations are made on the dried 
samples. The nephelometric method of Laws and Bloor (1916) may be 
applied to either the moist or the dried feces. In pathological work dried 
feces are to be preferred, firstly because there is so much less risk of infection 
from samples heated to 100°C., and secondly because different specimens vary 
so much in consistency (owing to diarrhoea, etc.) that percentage results 
expressed in terms of the wet weight are of little value. Methods which have 
been suggested for estimations on the moist fresh faeces will therefore not be 
considered here. In clinical work it is important to make sure that no liquid 
paraffin has been administered for at least 3 or 4 days before collecting the 
feces. Liquid paraffin would of course be included in the “ unsplit fat ”’ 
fraction. j 

In metabolism experiments lasting for several days it is important to 
minimize changes due to bacterial action. Hill and Bloor (1922), working on 
cats, preserved the feeces of a 7-day period with 95 per cent. alcohol, and then 
worked up the whole bulk. This method, however, would not be practicable 
in clinical investigations on human beings. The usual procedure is to dry 
each stool shortly after it is passed, and then to mix the several samples 
thoroughly, weigh the mixed dried feces, and take an aliquot part for analysis. 

11 
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Drying the faces.—The usual procedure is to heat the feces in a large 
evaporating basin on a boiling water-bath. In the terminal stages alcohol may 
be added to assist the process of drying. When nearly dry the sample is 
ground to as fine a powder as possible, and again heated at 100°C. for half-an- 
hour or so. Folin and Wentworth (1910) recommend that the powdered 
sample be sifted through a 40-mesh sieve. We have not done this because it 
is impossible to reduce stools very rich in fat to a sufficiently fine powder, and 
it is not considered desirable to sift some specimens and not others. We have 
simply discarded large pieces of fibre, pips, etc. The powdered feces are then 
dried to constant weight in a vacuum desiccator over calcium chloride or 
sulphuric acid. Many workers omit this final desiccation. If the drying on 
the water-bath is carefully carried out, the omission of the final desiccation 
may introduce but a small percentage error, and of course it enables a result 
to be obtained several days sooner—a point not without importance in clinical 
work. None-the-less, whenever possible, it is wiser to dry the samples to 
constant weight, particularly in the case of specimens rich in fat (Table I). 


TABLE I. 
Sample No. 
A. 


cia a ii or = 
2 3 


Number of days required to 

dry to constant weight . 15 . 10 yw 13 
Weight of “‘dry”’ feeces before 

desiccation . . 25°7624 . 2500 . 6°325 


Weight after desiccation . 24°8874 . 2°388 . 5821 
Percentage loss of moisture . 3°5 ' 4°5 , 8°0 
Percentage of total fat in 

dried feces . ' . 20 . 3828 #. 41°3 
Apparent percentage of fat if 

desiccation omitted . 241. 314 —C; 38'3 


DETERMINATION OF THE TOTAL FAT. 


The principle of the determination of the total fat is common to all the 
methods in vogue. The soaps are hydrolysed with acid, and the neutral fat 
and fatty acids (both preformed and liberated from the soaps) are extracted 
from a known weight of dry faeces with ether, or other suitable solvents. The 
ether is removed, and the weight of the residue is determined. (Laws and 
Bloor (1916) estimate the total fat nephelometrically instead of gravi-— 
metrically.) The accuracy of the method depends mostly on the thoroughness 
of extraction. It would be anticipated therefore that continuous extraction in 
a Soxhlet apparatus would give the highest figures. This is demonstrated in 
Table II, where results obtained by three different methods of extraction are 
shown. If the continuous extraction in a Soxhlet be taken as the most nearly 
correct figure, it will be seen that the method of Holt, Courtney and Fales 
(1919) is accurate enough for clinical purposes, but that Cammidge’s method 
(Cammidge, 1914') is unsatisfactory—at any rate in the analysis of specimens 
rich in fat. In the method of Holt and his associates three extractions are 
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made with an ether and petroleum-ether mixture, but in Cammidge’s method 
only one extraction is performed, an aliquot part of the ether extract being 
taken. 


TABLE I].—Total Fat Expressed as Percentage of Dried Faces. 


Sample. eee = gga Method of Holt. Method of Cammidge. 


40°7 ‘ _— ‘ 25°4 
40°9 ‘ — , 24°8 
42°8 ‘ —_ 26°7 
28°6 . 23°7 , — 
30°3 . 30°5 ‘ — 
31°6 ' 29°3 . — 
33°2 ‘ 29°5 i — 
51°2 ‘ 48°0 . — 


The method of hydrolysing the soaps will be referred to in the next 
section. One of the main difficulties in feecal fat analysis is the error inherent 
in taking a sample of the dried stool. Holt, Courtney and Fales (1919) state 
that if the fat exceeds 50 per cent. of the dried feces, sampling along may 
cause a difference of 5 per cent. in duplicate determination. 

Using continuous extraction in a Soxhlet our duplicates have come out as 
close as could be expected. Using the method of Holt, Courtney and Fales 
duplicate analyses have been quite satisfactory, the greatest deviation from 
the mean in a series of analyses being + 4°3 per cent. We conclude from 


Table III that the average error inherent in sampling is of the order of 
+ 2 per cent. 


TaBLE III.—Duplicate Determinations of Total Faecal Fat. 


Sample No. Results of analysis. D Bago so 


31°6 31°5 
51°2 50°7 

9°7 9°9 
19°4 18°2 
23°7 24°3 
35°1 38°0 
41°4 41°0 
44°4 43°8 
45°9 44°0 
47°5 47°3 
53°7 55'9 

12 : 67°9 70°6 P 
Note.—The extractions in the case of Samples 1 and 2 were made in a Soxhlet apparatus. 

Samples 3 to 12 were analysed by the method of Holt, Courtney and Fales. 





OMAN WD eR 


ee 
— © 


DETERMINATION OF THE SPLIT FAT. 


The procedure adopted will vary with the results desired. Generally 
speaking, the main question is whether or not the soaps are to be determined 
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as such, or whether they may be included in the free fatty acid determination 
after suitable treatment with acid. For most clinical purposes there is no 
special advantage in differentiating between soaps (combined fatty acids) and 
free fatty acids. Those wishing to determine separately the soaps are referred 
to the original papers. Here it will be assumed that a knowledge of the 
percentages of split and of unsplit fat is all that is required. For this purpose 
the soaps are hydrolysed with a mineral acid (see later), and the neutral fat 
and total fatty acids from a known weight of the dried sample are extracted 
with ether, or other suitable solvents. The ether is removed and the weight 
of the dry residue determined. As already noted, this gives the percentage of 
total fat in the dry feces. To determine the quantity of split fat, the dry 
residue is dissolved in hot benzol or in ether, or in some other suitable 
solvent, and the quantity of fatty acids determined by titration with a solution 
of soda or potash in alcohol, using phenolphthalein as indicator. 

One of the main objects of this paper is to show that gross errors in the 
estimate of split fat may be introduced if acid alcohol be used for hydrolysing 
the soaps, and acid alcohol is very commonly used for this purpose. Thus 
Cammidge (1914*) says: “ a weighed quantity of the dry powdered 


feeces is well mixed in a porcelain basin with a 1 per cent. solution of hydro- 
chloric acid in alcohol, and heated on the water-bath to dryness.”’ I noted in 
a number of routine estimations that the percentage of neutral unsplit fat was 
unexpectedly high, and it was this observation that led me to make experi- 
ments to determine whether our technique was satisfactory. 

A large sample of feeces was dried in the usual way and desiccated to 


constant weight. In one part the soaps were hydrolysed by an aqueous 
solution of hydrochloric acid, the total fat and split fat contents being deter- 
mined by Cammidge’s method (Cammidge, 1914*). In a second part the soaps 
were hydrolysed by a 1 per cent. solution of hydrochloric acid in absolute 
alcohol, and the subsequent analysis was made by the same method. In a 
third experiment the same procedure was adopted except that the feeces were 
repeatedly heated with the acid alcohol (the acid alcohol, in portions of about 
50 c.c., was added seven times instead of once, the mixture being taken down 
to dryness after each addition). The results are shown in Table IV. 


TaBLE 1V.—Effect of Different Methods of Hydrolysing the Soaps on the 
Apparent Content of Split Fat. 

Percentage of dried feces as Percentage of fecal fat which is 
Total fat. Split fat. Unsplit fat. Split. Unsplit. 
Aqueous HCl . . 328 . 277 =. 51 . 844 ~ 15°6 
HCl in alcohol: one 

portion ; , te . 8. 0. we. 61°6 
HCl in alcohol: seven 

portions . . 282 . > i  : aa we 93°3 


Soaps hydrolysed with— 


It will be noted that the total fat is approximately the same in each of the 
three experiments, but that the proportion of split fat is greatly decreased by 
treatment with acid alcohol, whilst there is a proportional increase in the 
percentage of unsplit fat. In another experiment on another stool, after 
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treatment with one portion of acid alcohol, the apparent content of split fat 
was 11°3 per cent. After treatment of a second part of the same stool with 
six portions of acid alcohol the split fat was reduced to 3°1 per cent. 

These experiments have been repeatedly confirmed. Table V shows 
similar findings using the method of Holt, Courtney and Fales. 


TABLE V. 
Percentage of dried feces as Percentage of fecal fat which is 
—”———— —— 
Total fat. Split fat. Unsplit fat. Split. Unsplit. 
Aqueous HCl . . FO . we . eo . es . 15°7 
HCl in alcohol: six 
portions . . 276 . 27 « a 93°2 


In the methods of Cammidge (1914*) and of Holt, Courtney and Fales 
(1919), after hydrolysis of the soaps with aqueous hydrochloric acid, the ether 
extraction is made by separation from the aqueous suspension of feces. In 
order to apply continuous extraction in a Soxhlet, it is necessary to take the 
feeces again to dryness after the hydrolysis of the soaps with aqueous hydro- 
chloric acid. The trouble then is that humin formation may occur. In some 
stools this does not interfere seriously with further treatment, but in other 
instances the sample is reduced to a hard tarry mass, which it is difficult or 
impossible to scrape out of the evaporating basin. To overcome this difficulty 
we heated a known weight of the dried feces in a porcelain dish with aqueous 
hydrochloric, and concentrated the mixture to a small volume on the water- 
bath. At this stage anhydrous sodium sulphate was added in quantities 
sufficient to permit of powdering the whole mass, which was then transferred 
quantitatively to a Soxhlet apparatus for extraction with ether. In another 
part of the same dried feces the soaps were hydrolysed with one portion of 
acid alcohol. In a third part the soaps were hydrolysed by acid alcohol, which 
was added repeatedly. ‘Table VI shows that the same apparent increase of 
the unsplit fat occurs as when using the methods of Cammidge and of Holt, 
Courtney and Fales. 


Soaps hydrolysed with— 


TABLE VI. 


Percentage of dried feces as Percentage of fecal fat which is 
Soaps hydrolysed with— —we-—m —————— 
Total fat. Split fat. Unsplit fat. Split. Unsplit. 


Aqueous HCl . — See «> Be So . Wwe . 21°2 
HCl in alcohol: one 

portion . — 2 .. ae .. « ee 35°1 
HCl in alcohol: six 

portions . . 223 . of) 2s fe «See > 74°4 


‘ 


‘ neutral 


The obvious explanation of this conversion of fatty acids into 
fat’? is that ethyl esters are formed by heating the dry feces with ethyl 
alcohol and a small quantity of concentrated hydrochloric acid. The writer 
draws attention to this point because he feels that gross errors may thus have 
been introduced into clinical work in the past. With the exception of Howe 
(1921), most writers do not seem to have alluded to this possibility. 

Another method of hydrolysing the fecal soaps has been suggested by 
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Folin and Wentworth (1910). They use an ethereal solution of N/10 hydro- 
chloric acid. Laws and Bloor (1916) employ a solution of hydrochloric acid 
in an alcohol-ether mixture. The writer has no experience of either of these 
methods. 


THE FACTOR USED IN CALCULATING THE SPLIT FAT. 


In calculating the amount of split fat from the titration of the fatty acids 
with alkali, most writers assume that the fatty acids present consist largely of 
stearic acid, and accordingly use the factor 1 c.c. of N/10 NaOH corresponds 
to 0°0284 gm. fatty acid. Telfer (1921) calculates the free fatty acids as oleic 
acid (1 c.c. N/10 soda corresponds to 0°0282 gm. fatty acid), and for the fatty 
acids combined as calcium soaps he adopts the mean molecular weight 274, on 
the basis of his experimental determination of the mean molecular weight of 
the insoluble fatty acids of butter-fat combining with calcium. 

We possessed a quantity of sodium soaps obtained from the titration of the 
fatty acids in the routine determinations of split fat in faeces. These soaps 
were the mixed residues from 50 to 100 samples of feces of children, all under 
12, and most of them under 6 years of age. It occurred to us that, for patho- 
logical work, we could obtain a more satisfactory factor by determining the 
mean molecular weight of the fatty acids derived from our mixed soaps. 

Accordingly the soaps were separated by filtration from the benzol-alcohol 
mixture in which they had been suspended. They were repeatedly washed 
with ether, and the ether allowed to evaporate. They were then dissolved in 
hot water and the solution made acid to litmus with sulphuric acid. The 
mixture was heated on a boiling water-bath till the fatty acids rose to the 
surface. The lower layer of wash liquor was removed by decantation, and 
the washings with hot water were repeated till the wash liquor was clear and 
neutral to litmus. The fatty acids were filtered off and desiccated for two 
days. The fatty acid mass was then powdered and dried in a vacuum 
desiccator to constant weight. A known weight of fatty acid was dissolved in 
ether, and the mean molecular weight determined by titration with N/10 
alcoholic soda. Result: mean molecular weight =273'0 and 274°4. 

As the above fatty acids were slightly pigmented we decided that these 
figures were probably too high. We therefore purified the fatty acids still 
further in two ways. Firstly the soaps obtained in the above experiment were 
put through the same process a second time, and the mean molecular weight 
of the liberated fatty acids re-determined. Result: mean molecular weight = 
267°2.. Secondly another quantity of the original soaps was treated exactly as 
outlined above, except that at the end of the process the dry powdered fatty 
acids were dissolved in petroleum ether and filtered. To the almost colourless 
filtrate an excess of alcoholic soda was added. The soaps were washed with 
ether and treated as before to yield the dry fatty acids which were clean and 
colourless. Determinations of the mean molecular weight yielded the figures 
265°6 and 270°0. 


Averaging the three figures, 267°2, 265°6 and 270°0 we obtain the value 
267°6. It is therefore suggested that for pathological work on children’s feces 
the following factor, viz. 1 c.c. N/10 soda corresponds to 0°0268 gm. fatty acid, 
is more suitable than the usual factor employed. 
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The substitution of 268 for 284 will not of course make a great difference 
to the percentage of split fat (Table VII), but it might make quite an 
appreciable difference to the results in a metabolism period lasting several 
days. 


TaBLE VII.—Percentage of Split Fat Calculated on Basis of New Factor 
(mean Molecular Weight = 268) and of Old Factor (Molecular Weight of 
Stearic Acid = 284). 

Percentage of dried feces as Percentage of fecal fat which is 

Total fat. Split fat. Unsplit fat. Split. Unsplit. 

98 . 237 : i, _—_—aae |. ae 20°7 

284 — 23°7 ‘ 19°9 : ee « Oe 16°0 

268 —=Ci««s: 55°9 . ae. . 826 : 17°4 

284 —Ci 55°9 eo | 69 .- ee : 12°3 


Factor. 


THE ACCURACY OF SPLIT FAT DETERMINATIONS. 


The main difficulty in titrating the fatty acids in the determination of the 
split fat, is that in certain specimens there is so much fecal pigment that the 
end-point is partially obscured. This difficulty is most serious after long- 
continued extraction in a Soxhlet apparatus. Ifa relatively large amount of 
phenolphthalein (e.g. $ c.c. of a 4 per cent. solution) be used, however, the 
end-point is generally fairly sharp. 

Table VIII shows typical results obtained by extracting the dried feces 


in a Soxhlet apparatus (Samples 1 and 2) and by the method of Holt, Courtney 
and Fales (Samples 3 to 12). It will be seen that there is an average variation 
in duplicate analyses of + 3 per cent. 


TABLE VIII.—Duplicate Determinations of Split Fat and of Unsplit Fat (by 
Difference). 
Percentage of dried feces. Percentage of fecal fat. Deviation of split 

Sample. ne —-_',— Or" fat from mean, + 
Split. Unsplit. Split. Unsplit. per cent. 
: Db 803 — ; , ; 0°4 
a ; i . 54 
i ae 2" % : 37 
Soe x2, 14 ; 6'7 
ie: ia ‘ 
75°5 
86°6 
91:0 
87°7 
43°2, 47-0 
40°7, 
448, 47°6 
82°5, 82°6 
36°4, 363 
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SUMMARY. 


1. Gross errors in the percentage of split fat in dried feeces may result 
from hydrolysis of the soaps by acid alcohol. 
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2. The mean molecular weight of the fatty acids from 50 to 100 samples 
of pathological feces was 268. The factor 1 ¢.c. of N/10 soda corresponds to 
0°0268 gm. fatty acids is therefore suggested for calculating the quantity of 
split fat. 

: 3. Using continuous extraction in a Soxhlet or the method of Holt, 
Courtney and Fales, in duplicate estimations of the total fat, the average 
variation from the mean was + 2 per cent., and of the split fat + 3 per cent. 





I am greatly indebted to Mr. R. J. Bromfield and Miss E. M. Taylor for 
their technical assistance. 


REFERENCES. 


Cammipeg, P. J.—(1914!) ‘The Feces of Children and Adults,’ p. 256.—(1914*) Ibid., 
p. 255.—(1914°) Ibid., p. 267. 

Fourn, O., anv Wentworrn, A. H.—(1910) J. Biol. Chem., 7, 421. 

Hiu1, E., anp Bioor, W. R.—-(1922) Ibid., 58, 171. 

Hott, L. E., Courrney, A. M., anv Fates, H. L.—(1919) Amer. J. Dis. Child., 17, 38. 

Howe, P. E.—(1921) Ibid., 21, 57. 

Kumagawa, M., anp Suro, K.—(1908) Biochem. Zeit., 8, 212. 

Laws, C. H., anv Buoor, W. R.—(1916) Amer. J. Dis. Child., 11, 229. 

Saxon, G. J —(1914) J. Biol. Chem., 17, 99. 

Te.Fer, 8. V.—(1921) Biochem. J., 15, 347. 





THE INFLUENCE OF THE SITE OF INOCULATION UPON 
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PNEUMOCOCCI FOR LABORATORY 
ANIMALS. 
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Received for publication May 28th, 1925. 


BESREDKA (1921) has recently adduced evidence that the only tissue 
susceptible to anthrax infection is the skin, and that a general immunity can 
be produced only as the result of a skin infection. Besredka’s results have 
been confirmed by several subsequent workers, including Balteano (1922) and 
Plotz (1924). On the other hand, Gratia (1924) maintained that infectivity to 
anthrax is not exclusively reserved to the skin, which he considers is only 
apparently more sensitive because it has poorer defensive properties than 
other organs. 

The present investigation started with an attempt to establish Besredka’s 
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contention that the rabbit can tolerate in its subcutaneous tissues a charge of 
anthrax bacilli necessarily fatal if implanted upon the skin. The work was 
subsequently extended to a comparison of the infectivity of anthrax bacilli 
inoculated under the intact skin of rabbits and into the skin respectively, as 
well as to the infectivity of the pneumococcus cutaneously and subcutaneously 
administered to white mice and rabbits. The degree of immunity, if any, 
resulting among the survivors was also examined for. The pneumococcus 
was selected for these experiments as being an organism generally credited 
with a low degree of affinity for epithelial surfaces in contrast to the anthrax 
bacillus. Although the number of animals used in the whole investigation 
was considerable, the field covered is wide, and we realize that our material is 
scantier than we should wish for particular issues. 


TECHNIQUE. 


Previous investigations.—Besredka carried out his inoculations of anthrax bacilli into the 
blood-stream or subcutaneous tissues of rabbits and guinea-pigs by piercing the skin with a 
clean needle, making the injection, and then cauterizing the puncture in order to avoid 
soiling the skin with living bacilli. 

Balteano and Plotz, working at the Pasteur Institute upon the confirmation of Besredka’s 
experiments, used, for reasons which they do not disclose, an entirely different technique. 
They buried various forms of capsules, using brittle glass ampoules, in the subcutaneous 
tissues, and, after the skin had healed, fractured the capsules and released the organisms. 

Present investigation.—The introduction of virulent bacteria freely into the subcutaneous 
tissues without soiling the skin is a problem of great difficulty, and the following methods 
were employed by us: 

(1) Besredka’s technique—in two instances only. 

(2) The capsule technique: A variety of different types of capsules was employed, but 
none of the types proved entirely satisfactory. The most useful type, and the one generally 
adopted by us, was a short glass pipette drawn to a capillary point at one end, with rubber 
tubing attached at the other end after the manner of a closed teat, so that, the point being 
broken off under the skin, the contents of the capsule could be expelled by squeezing the 
tubing. These capsules, after filling by suction and sealing the end in the flame, were 
cleansed in lysol and washed in water. 

(3) Injection through a double needle. 

(4) The use of a double needle with the addition that, following the bacterial injection, 
soft paraffin was forced through the outer needle to block off the bacilli and leave a trail of 
paraffin leading up to the exit wound. Both these methods failed. 

(5) A cannula 1} in. long (or about half this length in the case of mice) was passed into 
the subcutaneous tissue, secured by stitches and sealed with a stilette. From 1 to 5 days 
later a long hollow needle was passed through the cannula and the injection made. The 
inner needle was then withdrawn and replaced by the stilette. By this method a possibility 
of skin contamination could not be certainly eliminated, but the free introduction of a 
measured dose of virulent bacteria into the subcutaneous tissues was assured. Deductions 
could therefore be drawn from those animals which survived. 

The culture employed was, in the case of the anthrax bacillus, a stock laboratory culture 
of known virulence to rabbits and guinea-pigs. The strain was kept alive by subculture and 
not by animal passage, the virulence being frequently controlled by ordinary subcutaneous 
inoculation. The strain first employed became non-virulent and was replaced by a virulent 
strain (National Collection of Type Cultures, No. 1328). 

The pneumococci used were obtained in the first instance from the pus of an empyema 
and were kept alive by subculture and occasional animal passage. Two or three different 
strains were used in the course of the experiments, either owing to the dying out or the 
loss of virulence of the original strain. Constant controls were made. The “type” of 
pneumococcus was not determined. 
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EXPERIMENTS WITH ANTHRAX BACILLI. 


Preliminary Experiments. 


A. A rabbit was epilated and inoculated by cutaneous scarification with a 
needle. A marked local reaction occurred and the animal died of generalized 
anthrax in 5 days. 

B. Two rabbits were epilated, scarified, and a mass of dead anthrax bacilli 
(heated to 60°C. for 1 hour) rubbedin. No reaction followed and the process 
was repeated 5 days later. Eight days later they were re-scarified in the 
same area and a living culture rubbed in. One rabbit died in 4 days, the other 
survived, but after scarifying and again rubbing in a living culture it also died 
in 48 hours. 

c. Two rabbits were epilated and scarified with the premier and deuxieme 
vaccine of Pasteur (living bacilli grown at 42°C.). Both of these animals 
subsequently proved resistant to repeated cutaneous inoculation with living 
anthrax and to subcutaneous inoculation. 

The above experiments confirm the susceptibility of rabbits to skin 
inoculation by anthrax, the difficulty of immunizing them by rubbing in dead 
cultures, and the possibility of producing a solid immunity by previous 
scarification of the skin with living cultures of modified virulence. 


Experiments, employing Besredka’s Technique. 


A guinea-pig and a rabbit were inoculated in the manner described by 
Besredka; both animals died with anthrax bacilli in the heart’s blood in 4 
and 3 days respectively. Our failure in the few experiments by this method 
would be explained by Besredka on the supposition that in spite of our 
precautions a soiling of the skin took place. Besredka considers that in the 
ordinary transcutaneous injection of anthrax death results from the infection 
of the skin in passage of the needle. The following experiments upon this 
point were made: 

A broth anthrax culture was drawn through a needle, any adherent drop 
was shaken off, but the needle was not wiped. The needle, which was so 
treated for each animal, was then pricked through the skin of three guinea- 
pigs and into the marginal vein of a rabbit’s ear. One of the three pigs died 
of generalized anthrax 10 days after inoculation; the remaining animals 
suffered no ill-effects. 

In addition 4 rabbits were similarly pricked intravenously, and at the same 
time 1 rabbit was given }c.c. of a broth anthrax culture into the vein. The 
control animal died in 5 days, the 4 rabbits survived. 

The death of only 1 animal out of 8 treated in this manner, and the very 
prolonged incubation period in that case, appear to us to prove that the actual 
soiling of the skin by the passage of the needle cannot account for the 
invariable death following upon transcutaneous inoculation. The bacterial 
charge actually upon the needle in these experiments was certainly greater 
than that present in our attempts to imitate Besredka’s technique, but we 
recognize that in the case of the guinea-pigs the conditions were different, 
since following upon a transcutaneous injection a leakage back of the fluid 
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injected may occur along the track of the needle. Such leakage, however, 
was possibly prevented in our double needle experiments, in which the bacterial 
charge was blocked off by paraffin, and in the event of intravenous injection 
the undiluted inoculum cannot leak back nor can any great multiplication of 
the injected bacteria occur before the skin lesion is sealed. 


Capsule Experiments. 


A considerable number of these experiments were made, and the capsules 
used were for the most part the rubber-teat glass capsules above described, or 
all glass tubes sealed at either end and subsequently broken across in the 
middle, and the contents, so far as possible, shaken out. In these experiments, 
involving 26 animals, in all cases the virulence of the bacte1.a used in the test 
has been controlled. 

Each capsule was inserted into a different rabbit. The results were as 
follows : 


Series IT. . 1 teat-capsule broken 12th day; death 6 days later. 
Ti, . 4 teat-capsules broken at intervals from 10th to 30th day; 
no ill-effect. 
IV. . 8 teat-capsules broken 9th day ; no ill-effect. 
V. . 2all-glass capsules broken 8th day ; no ill-effect. 
VI. , , - i 7th ,, 
Vil... - » 20th ,, 
7. ‘“ nm - - ae 
b & “a « we a 


Xa. <a teat-capsules broken 6th day; no ill-effect. 
TA. . 2 ” ” 6th ” ”? 
IIA. . 2 rr) ” ) ” ”? 


Thus of 26 rabbits in which capsules were broken under the healed skin at 
periods of time varying from 6 days upwards only 1 sustained injury from the 
liberated bacilli, and this animal at the time of fracture of the capsule had an 
accidental cutaneous lesion of the foot. 

Fallacies in the capsule experiments.—We have come to the conclusion 
that certain fallacies, which we describe, are unavoidable and inherent in the 
method. 

(1) The capsule must remain closed in the tissues for some days to allow 
sound healing of the skin, and this leads to a deterioration in the patho- 
genicity of the culture. This deterioration is of varying degree, but generally 
speaking becomes more marked the longer the capsule is in position. The 
capsule is lying in an inflamed area, and one might presume, in the case of 
the rabbit, that the bacteria are exposed to a temperature of approximately 
42° C., or that employed for preparing the attenuated vaccine of Pasteur. 

(2) The capsule at the time of fracture has become itself encapsulated. 
Many such pericapsular sacs that we have examined are formed of a tough 
fibrous tissue which is literally air-tight. 

(3) With most types of capsule it is impossible to be certain what pro- 
portion of the original dose in the capsule has been expressed, and on several 
occasions we satisfied ourselves subsequently that the greater part of the dose 
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had remained in the capsule. This objection does not apply to the brittle 
glass capsule employed by Plotz and by ourselves in a very few instances only. 
The brittle capsules have other disadvantages. They are difficult and dangerous 
to handle, and on fracture the minute fragments of glass may work their way 
into and wound the skin. 

Of these fallacies the one capable of a certain amount of control is that 
concerned wth the pathogenicity of the encapsulated bacteria. In the 
experiments quoted above a control ampoule was buried in an additional 
rabbit in Series IV, VI, X, Ia and Ila. This ampoule was withdrawn from 
under the skin at the time of fracture of the other capsules and the contents 
injected into the open skin lesion. In every case the result was negative. 
The contents of capsules kept in rabbits and subsequently removed for open 
injection showed almost constantly in films and cultures a marked deterioration 
of the bacilli. Stained films showed that these were very few, as a rule, and 
occasionally they could not be identified at all. Many bacilli failed to retain 
Gram’s stain. In cultures the growth was almost always extremely scanty. 
These changes were more marked than those found in control capsules kept 
for the same period in the incubator at 37°C. Thus we are satisfied that in 
capsules buried under the skin a deterioration of the bacilli takes place. 'This 
deterioration is in some instances of a degree sufficient to render the liberated 
bacteria quite innocuous, and it is probable that in all cases in which the 
capsule has been in the tissues for one week or longer some deterioration 
takes place. We therefore consider that the deductions of other observers 
drawn from capsule experiments alone and insufficiently controlled are not 
entirely justified. 

On the other hand, we have some evidence that the virulence of the 
bacteria was to a certain extent maintained in some of the capsules, as the 
following experiments show : 

Experiment 14.—Capsule broken subcutaneously on the 12th day; the 
rabbit died 6 days later of anthrax (this animal previously mentioned under 
Series II had a cutaneous lesion). 

Experiment 21.—Capsule removed from rabbit on 9th day; no organisms 
were seen in film, but a loopful produced one colony of anthrax, which, tested 
on a guinea-pig, killed it in 4 days. 

Experiment 28.—A sealed capsule was incubated for 20 days at 37°C. 
Films then showed a few bacilli and anthrax grew on culture. The culture 
killed a guinea-pig in 4 days. 

Series X.—Capsule removed from subcutaneous tissues of a rabbit after 1 
week ; } c.c. of the fluid from the capsule killed a guinea-pig in 4 days. 

Rabbit 41.—Capsule broken subcutaneously 10 days after insertion. The 
rabbit showed no ill-effect and the capsule was removed 18 days later. Some 
fluid still remained in it, no organisms were seen in it, but one colony of 
anthrax grew from it and this proved lethal to a guinea-pig. 

Rabbit 43.—A sealed glass capsule was removed from a rabbit after 7 days, 
no organisms were seen in films, but a few colonies of anthrax grew on 
culture. Part of the contents of the capsule (} c.c.) was injected into 
Rabbit 43 and part (§ c.c.) into a guinea-pig. Both died of anthrax in 
5 days. 
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Conclusions to be drawn from the capsule experiments.—For the reasons 
already given it is not possible from these capsule experiments to draw 
definite conclusions upon the main question, namely, the pathogenicity of 
anthrax bacilli for the subcutaneous tissues of rabbits. It appears to us that 
the doses of bacilli liberated into the subdermal tissue was commonly less in 
amount and in virulence than the doses originally contained in the capsules, 
and that in an unknown percentage of experiments the dose finally liberated 
was not lethal; but we have reason to believe that in other instances 
deterioration of the bacilli did not proceed to the same degree, and that the 
dose received by the animal was sufficient to have caused death if it had been 
given by the ordinary transcutaneous route. As the result of a considerable 
number of experiments, we feel justified in concluding that the rabbit is 
capable of tolerating a greater charge of anthrax bacilli in the subcutaneous 
tissues than on the skin. This conclusion is strengthened by experiments to 
be described subsequently. 

In this connection we have to refer again to the capsule experiments of 
Plotz. This investigator concluded that the rabbit can survive doses of 
anthrax bacilli in the subcutaneous tissues up to 3 c.c. of a virus, 0°001 c.c. 
of which was fatal in the skin, and that the doses of bacilli finally liberated 
had undergone no retrogressive changes. We do not think this conclusion is 
justified, since Plotz only tested the virulence of a buried capsule in one 
instance, and, further, the mortality among his rabbits after fracture of the 
capsules progressively diminished as the interval of time between insertion and 
fracture increased. 


Cannula Experiments. 


We have previously described the type of cannula and inner needle used. 
The following experiments were made : 

Series I—}c.c. of a 24-hours-old broth culture of anthrax was injected 
through the cannula into a rabbit without ill-effect. A control rabbit inoculated 
with the same dose in the usual way died in 4 days. 

Series III.—% c.c. of a similar culture was injected into 3 rabbits through 
cannule. Two animals died in 4 days, the third survived. 

Series IV.—One rabbit received } c.c. through a cannula without effect. 
A control received the same dose by transcutaneous injection and died in 
4 days. 

Series V.—Three rabbits received each 3 c.c through cannule. A fourth 
rabbit received the same dose transcutaneously. The control rabbit died of 
anthraceemia in 3 days; 2 of the rabbits with cannule died in 5 and 7 days 
respectively. The third rabbit survived. 

Conclusions to be drawn from the cannula experiments.—In all, 8 rabbits 
received a heavy dose of virulent bacilli through cannule inserted from 1 to 5 
days previously. Of these, 4 died and 4 survived. In Series V, 2 rabbits who 
ultimately succumbed survived the death of the control by 2 and 4 days 
respectively, a result which suggests that a minor contamination of the skin 
either round the neck of the cannula or (by implantation) in the deeper tissues 
had taken place. We attrib ‘e greater significance to the 4 rabbits that 
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survived. Here there can be no question of loss in virulence of the bacteria or 
failure to release the intended dose. In each case from } to 3 c.c. of a virulent 
broth culture was injected directly into the subcutaneous tissues and the 
animals survived. We regard these experiments as definite evidence that the 
subcutaneous tissues of the rabbit are relatively insusceptible to infection by 
anthrax bacilli. 


Subcutaneous Inoculation and Immunity. 


Those animals that had survived the subcutaneous introduction of anthrax 
bacilli in capsules were subsequently given, in some cases, a heavy lethal dose 
by transcutaneous inoculation. In other cases additional capsules were 
inserted at intervals and the effect of a lethal dose was investigated after that. 
Further, the 4 survivors from cannula inoculation were tested by lethal doses. 

The lethal dose used in all cases was 4 c.c. of a 48-hours-old broth culture 
of virulent anthrax bacilli injected as a rule through the skin of the rabbit's 
back. The dose was an excessive one, since we were examining for a solid 
immunity rather than for degrees of immunity, and the minimal lethal dose of 
our culture was not exactly determined, though the dose used was certainly 
many times the minimal. In all, 19 rabbits which had received capsules were 
thus tested, and the number of capsules which had been inserted in each 
animal varied from 1 to 3. Of these 19 rabbits, 16 died as the result of the 
dose and 3 survived. 


The history of these 3 survivors is of considerable interest. 


Rabbit 34a. 


May 5th . Subcutaneous capsule expressed. 
June 6th . $c.c. contents of a buried capsule given subcutaneously. 
August lst . 4 c.c. virulent anthrax culture transcutaneously. No ill- 
effect. 
llth . Epilated, scarified and inoculated on skin with living anthrax, 
followed by a slight local reaction which soon cleared up. 
19th . 4c.c. virulent anthrax culture transcutaneously. 
25th . Death from generalized anthrax. 


Rabbit 30. 


April 9th . Capsule expressed. 
June 6th =. im a 
” 28th ” ” 
July 4th . 4c.c. broth culture of anthrax transcutaneously. No ill-effect. 
, llth . Epilated, scarified and anthrax culture rubbed in followed by 
slight transitory local reaction. 
» 2lst . 4c.c. broth culture of anthrax transcutaneously. 
,, 23th . Death from generalized anthrax. 
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Rabbit 32. 


March 27th . Capsule removed from subcutaneous tissue and broken into 
open wound. 

June 25th . Capsule broken under skin. 

July 11th . $c.c. broth culture of anthrax transcutaneously. 

» ord . Epilated, scarified and heavily inoculated with living anthrax. 

No marked reaction resulted. 

August Ist . 4c.c. broth culture of anthrax transcutaneously. 

» Sth . Death from generalized anthrax. 


Comment.—The series of events in all these rabbits was very similar. 
Following the subcutaneous fracture of one or more capsules, the animals 
survived in the first place a lethal transcutaneous injection and subsequently a 
dermal inoculation of living bacilli. Approximately 10 days after the dermal 
inoculation the animal succumbed (and in one case with undue rapidity) to a 
lethal transcutaneous dose. It would appear that in these 3 cases a solid 
immunity both to dermal and transcutaneous injection followed the sub- 
cutaneous administration of bacteria, but that at a period of about 10 days 
subsequent to the dermal inoculation the immunity was lost. It is possible 
that these animals were first immunized subcutaneously and subsequently 
resensitized cutaneously, but at present our evidence. only justifies the state- 
ment that the lethal dose was effective after the dermal inoculation, and we 
do not know what part, if any, this dermal inoculation played. 

The 4 rabbits surviving among those who had received a lethal dose of 
anthrax bacilli through cannule were each given 4 c.c. of 48-hours’ broth 
culture transcutaneously at intervals varying from 9 days to 10 weeks after 
the original injection. A control rabbit was inoculated transcutaneously at 
the same time. Of these 4 rabbits 3 died at about the same time as the 
control animal, namely, in from 4 to 5 days. The fourth rabbit survived, but 
was found dead 12 days later. There was no oedema at the site of inoculation, 
but very occasional bacilli were present in the heart-blood. 


Conclusions. 


The presence or absence of immunity following the strictly subcutaneous 
inoculation of anthrax bacilli has occasioned a complete diversity of opinion. 
Besredka states that no immunity follows, and Plotz that the resultant 
immunity is very feeble or absent. Gratia, on the contrary, found agglutinins 
and anti-aggressins in the sera of animals inoculated cutaneously, and agglu- 
tinins only in those inoculated subcutaneously. He concludes that bacteria 
introduced under the skin are rapidly phagocyted before they have time to 
become encapsulated or to liberate aggressins, and that the resultant immunity 
is therefore less efficacious. The immunity in our animals was tested by 
their ability to withstand a massive dose. Three out of 19 rabbits which 
had previously received capsules survived, or approximately 15 per cent., 
and 1 rabbit out of 4 injected through cannule survived this dose 12 days. 
The recovery rate is not high, but the rabbit is well known to be extremely 
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susceptible to such doses of anthrax bacilli, and we have never known a 
control animal to recover from a test inoculation. We consider it to be 
probable, therefore, that some degree of immunity follows subcutaneous 
inoculation, and we have definite evidence that the resultant immunity may 
exceptionally be complete. 


EXPERIMENTS WITH PNEUMOCOCCI. 


The Cutaneous Inoculation of Mice with the Pneumococcus. 


Technique-——White mice were used throughout the experiments. The skin of the back 
was first epilated by a mixture of barium sulphide (1 part) and starch powder (3 parts), and 
this was thoroughly washed off with water. ‘The epilated area was then scarified either with 
a surgical needle or with a medium glass-paper until serum, but not blood, exuded through 
on tothe surface. A solid 24-hours-old culture of pneumococci on serum agar was then 
taken up on a stiff platinum rod and well rubbed into the scarified area, which was left 
uncovered. All control animals were injected transcutaneously at the root of the tail. 


Experiments.—T welve mice were inoculated after scarification with a needle. 
The scarified area was carefully observed for evidence of infection, and in 10 
instances no dermal reaction whatever was observed and the mice survived. 
Two mice died of pneumococcal septicemia in 3 and 10 days respectively. 
The thickness of a mouse’s skin is little more than that of tissue paper, and a 
purely dermal inoculation, using a sharp needle on a wriggling animal, is not 
easy. In the first of these animals it was noted that the needle had penetrated 
the skin, and in the second animal a subcutaneous purulent nodule containing 
pneumococci formed below the healed skin surface, and in sections taken 
through this area it was found that the skin itself was not involved in the 
inflammatory process. We assumed therefore that in both these cases death 
resulted from faulty technique. 

Ten additional mice were inoculated after scarification with glass-paper. 
In no instance was any ill-effect observed and all the animals survived. 

The 22 mice referred to in these experiments were not all inoculated at 
the same time or with the same strain of pneumococci. The experiments 
were made as a rule with batches of 3 or 4 mice and extended over some 
months, but in each case the virulence of the organism used was controlled. 

We conclude that the cutaneous epithelium of the mouse is not susceptible 
to pneumococcal infection. 

Immunity tests: Experiment 1.—Three mice were inoculated with living 
pneumococci on the skin after scarification, and 13 days later given a trans- 
cutaneous injection at the root of the tail of 4.c. of a suspension of pneu- 
mococci containing approximately 2000 million per c.c. One mouse died of 
pneumococcal septicemia, the other 2 survived. No control inoculation was 
made. 

Experiment 2.—Three mice were similarly treated, the transcutaneous 
inoculation being made 15 days after the dermal. Two normal mice were 
given the transcutaneous inoculation. The 2 control mice and 2 of the 
scarified mice died of pneumococcal septicemia. One mouse survived. Thus 
of 6 mice which had been previously scarified on the skin, 3 survived a lethal 
transcutaneous dose. Two control animals died. 

Experiment 3.—A batch of 10 epilated and scarified mice were tested by 
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the transcutaneous inoculation of 100 million pneumococci, and 8 normal mice 
were tested at the same time. All the epilated and all the control mice died. 

Conclusions.—We conclude that no solid immunity to the pneumococcus 
follows dermal inoculation in mice, but the first two experiments suggest that 
some degree of partial immunity results. 


The Cutaneous Inoculation of Rabbits with the Pneumococcus. 


Technique.—Ruabbits, after first clipping the fur, were epilated with a mixture of barium 
sulphide 1 part and starch powder 2 parts. After scarification, either with a needle or glass 
paper, the growth from a solid culture was rubbed in and left uncovered. Intradermal 
inoculation of about 4, ¢.c. of a broth suspension containing 1000 million pneumococci 
per ¢.c. was also practised. The technique adopted by this method was that usually employed 
of passing a fine needle into the substance of the skin and blowing a small translucent bulla. 


Experiments: I.—Scarification by needle: A rabbit 3 months old was 
inoculated after needle scarification. There was no local reaction, but the 
animal died in 48 hours of pneumococcal septicemia. It is probable that 
during the scarification of this animal the skin was pierced. A second adult 
rabbit similarly treated from the same culture showed an erythema on the 
second day which remained for a week and then faded. Some desquamation 
followed. Of 2 additional rabbits thus treated, one developed an active 
spreading erythema on the second day which gradually subsided ; the other 
showed no reaction. 

2.—Scarification by glass paper: Seven rabbits were thus tested ; of these 
5 showed no reaction at all, 1 developed a slight inflammation of the skin, and 
1 a marked inflammation which lasted 5 days. 

3.—Intradermal inoculation : This was practised on.5 rabbits. Of these 
3 did not react, and 2 showed a definite erythema which spread widely and 
lasted for 5 days. The general condition of the affected animals remained 
good. 

Thus of 16 rabbits inoculated upon the skin with pneumococci by various 
methods 1 died—probably as the result of faulty technique—and of the 15 
survivors 6 developed an acute inflammation of the skin. The inflammation 
thus set up was in the majority of instances strongly reminiscent of an attack 
of erysipelas in man. The more typical examples showed a bright red 
erythema with cedema and thickening of the skin. The spreading edge was 
raised above the level of the normal skin and occasional small vesicles 
developed. Resolution was accompanied by desquamation. The pneumo- 
coccus is not generally credited with the ability of setting up similar skin 
infections in man, but one of us in conjunction with Mr. J. E. Adams (1909) 
isolated the pneumococcus during life from 1 among 39 cases of erysipelas 
and demonstrated the organism in sections of the skin after death. 

Immunity tests.—Owing to the uncertainty of the reaction of individual 
rabbits to systemic inoculation of the pneumococcus, the degree of dermal 
immunity following inoculation was alone examined for. 

Four rabbits that had reacted to cutaneous inoculations were again 
scarified and reinoculated upon the same site after the erythema had dis- 
appeared, and in each case a fresh infection took place, ran a similar course 
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and subsided. In 2 of these animals the process was repeated a third time 
and again with a similar result. 

Six rabbits that had failed to react were re-scarified a second and third 
time and in no instance did any reaction follow. 

Of 4 rabbits inoculated after scarification with glass paper 1 reacted and 3 
did not. These animals were then reinoculated by intradermal injection and 
again the same rabbit reacted and the others did not. Ten days later the 4 
animals were again inoculated after scarification and with the same result. 

Conclusions.—We conclude that the rabbit exhibits individual suscepti- 
bility to a pneumococcal infection of the skin. The susceptible individual 
reacts briskly to dermal inoculation, and recovery is not followed by any 
recognizable degree of dermal immunity. The reaction of the rabbit to skin 
infection by the pneumococcus is thus entirely different from the reaction of 
the mouse. 


The Subcutaneous Inoculation of Mice with the Pneumococcus. 


The inoculations were made either by means of buried capsules or by 
canule as described in the experiments with anthrax. The capsules were of 
glass and rubber, and contained approximately 5 c.c. of bacterial 
suspension. The pneumococci were emulsified in warm 20 per cent. gelatin 
to which fresh human blood (545 c.c. to 3 c.c. of gelatin) had been added. 
It was found that pneumococci would remain alive and virulent in this medium 
for upwards of 6 weeks. The capsules were broken and expressed upon the 
4th day, by which time the skin lesion was well healed. Inoculations through 
cannule were made 24 to 48 hours after insertion of the cannula. 

Experiments : 1.—Capsules were inserted under the skin of 7 mice, and on 
the 4th day 5 of these capsules were broken under the skin. Of these animals 
1 died of generalized pneumococcal infection; the remaining 4 survived. 
Capsules from the 2 other mice were withdrawn and injected into the re-opened 
skin lesion; both mice died as the result. 

This experiment is chosen from a number of similar observations made in 
which comparable results were obtained, but owing to a variety of technical 
difficulties encountered in the introduction and retention of these small 
capsules in mice the details are not included in this paper. 

The experiment shows that the bacteria in these capsules retained their 
virulence to a degree sufficient to cause death in the 2 mice in which the 
capsules were broken in the wound, whereas 4 out of the 5 mice who were 
inoculated subcutaneously survived. 

2.—The cannula method was found less satisfactory for use with mice than 
with rabbits, since the former managed to rid themselves of the cannule with 
considerable facility. Nevertheless 7 mice were inoculated through cannulx 
with 100 million pneumococci, and 8 control mice were given a similar dose by 
ordinary inoculation at the root of the tail. Only 1 out of the 7 mice with 
cannule died as the result of the inoculation, whereas 5 out of the 8 controls 
died. The survival of 3 control animals was unexpected, but a consideration 
of these experiments in conjunction with the capsule experiments warrants the 
conclusion that the mouse can tolerate in his subcutaneous tissues a dose of 
pneumococci greater than the lethal dose given transcutaneously. 
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Conclusions.—We arrive at somewhat unexpected conclusions upon pneu- 
mococcal infection in white mice. These animals are well known to be highly 
susceptible to a dose of pneumococci inserted by the ordinary method of 
inoculation through the skin into the subcutaneous tissues, yet they are 
entirely resistant to skin infection, and they appear in a proportion of cases to 
be able to tolerate a lethal dose in the subcutaneous tissues beneath the healed 
skin. 

Immunity tests —The 4 surviving mice from Experiment 1, and one control 
mouse, were given 100 million pneumococci transcutaneously at the root of the 
tail. The control animal and 1 of the 4 mice which had previously survived 
capsules died of pneumococcal septicemia. The 3 remaining mice survived. 
It therefore seems that some degree of immunity followed subcutaneous 
inoculation. 


CONCLUSIONS. 


1. Death following transcutaneous inoculation of anthrax in rabbits does 
not appear to depend solely upon the soiling of the skin by the needle in 
passage. 

2. The receptivities of the skin and the subcutaneous tissues of the rabbit 
for anthrax infection are different. A dose fatal in the skin can be tolerated 
under the skin. Subcutaneous inoculation is followed by immunity both to 
dermal and to transcutaneous inoculation in a small proportion of animals. 
This immunity is again lost subsequent to dermal inoculation. 

3. The white mouse is insusceptible to pneumococcal infection of the skin, 
highly susceptible to transcutaneous inoculation, and relatively insusceptible to 
purely subcutaneous infection. Some degree of immunity appears to follow 
both dermal and subcutaneous inoculation. 

4. The rabbit shows marked individual susceptibility to pneumococcal 
infection of the skin. The susceptible animal develops an acute inflammation 
of the skin, and no dermal immunity follows. 

5. Our experiments suggest the possibility that in the experimental 
production of anthrax infection in rabbits and of pneumococcal infection in 
mice by transcutaneous inoculation a double factor is involved, both skin and 
subcutaneous tissues playing a distinct part. 


This research was carried out with the help of a grant from the Yarrow 
Research Fund. 
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I. HISTORICAL. 


1. Testes.—Loewy and Richter (1899) were the first to investigate the 
influence of the testes and ovaries upon metabolism in animals. They found 
an increase up to 8 per cent. in the oxygen consumption of one castrated male 
dog after the ingestion of testicular tablets. When ovarian tablets were fed 
to the same dog the rise in the gaseous metabolism was increased as much as 
44 per cent. 

Bertschi (1920) found no change in the CO; and H,0 output of a castrated 


rabbit after subcutaneous injections of a watery testicular extract. 

No changes in the gaseous metabolism were also found by Tzubura (1923) 
after feeding castrated rabbits with testes, nor were they found by De Veer 
(1924) after injecting rats subcutaneously with a watery solution of an ether 
extract of testes. Tzubura, however, noticed increase in the gaseous meta- 
bolism of a castrated rabbit after transplantation of testes. This effect lasted 
until the transplanted testes were absorbed. 

In the experiments which Miss Carr and I (1925) made, only a slight 
decrease in the nitrogen metabolism occurred when an homologous emulsion 
of testis was injected subcutaneously into 4 rabbits. This effect was not 
considered specific, because kidney emulsion had the same influence. 

The following observations have been made on man. Bogrov (1891) 
injected into 2 patients an emulsion of rabbit’s testes prepared by the Brown- 
Sequard method. A slight decrease was found in the urea excreted after the 
injections. These observations, however, are not conclusive, because neither 
the nitrogen intake nor the nitrogen of the feces was determined. Loewy 
and Kaminer (1916) were able to increase the oxygen consumption up to 18 per 
cent. in one eunuch by feeding him with ovarian or testicular tablets. Loewy 
and Zondek (1921) ligatured the vasa deferentia of 4 senile patients. This 
operation was followed by an increase of 22 per cent. in the oxygen consump- 
tion of 1 patient, by a slight increase, which quickly disappeared, in 2 others, 
and by no change in the fourth. 

2. Ovaries : Experiments on animals.—Loewy and Richter (1899) found 


* Note.—In the first paper on “The Sexual Glands and Metabolism ” in this Journal (1925, vol. vi) 
on p 33, in the first Jine of the conclusions the word “ hyperfunction ” should read “ hypofunction.” 
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no change in the nitrogen metabolism, but an increase up to 68 per cent. in 
the gaseous metabolism of 1 castrated bitch after the ingestion of ovarian 
tablets 14 weeks after castration, whereas in their first experiment only 3 
weeks after castration the same tablets did not alter the gaseous metabolism 
at all. 

Zuntz (1904) twice repeated this experiment of Loewy and Richter, using 
the same bitch 5} years after castration, but only obtained an increase between 
4—7 per cent., which he considered to be within the limits of experimental 
error. 

Charrin and Guillemonat (1900) investigated the excretion of urea in 
pregnant guinea-pigs under the influence of extracts, in glycerine and physio- 
logical saline solution, of ovaries, uterus, liver and muscles. Sheep’s ovaries 
were used, extracts of which increased the urea excreted (in some cases 
doubling the amount excreted before the injections). Extracts made from 
the other three tissues in most cases did not increase the excretion of urea. 

Neumann and Vas (1909) found an increase in the nitrogen metabolism of 
2 normal and 1 castrated bitch, both after the ingestion of ovarian tablets and 
injection of a watery solution of an alcoholic extract of ovaries. For example, 
during the latter experiment the nitrogen balance was +0°25 gm. N, —1°31 
gm. N and —0°35 gm. N in the periods before, during and after the injections 
respectively. 

Charrin and Jardry (1906), and Jardry (1906), observed some increase in 
the urea excreted by guinea-pigs and castrated and normal rabbits after 
subcutaneous injections of an ovarian extract prepared with saline solution. 
The same effect, but more pronounced, was produced when ovaries were 
transplanted into castrated rabbits. 

Belov (1911) prepared extracts of ovaries excluding corpora lutea and 
extracts of the latter alone, or else used those made by a commercial firm— 
Poel. These extracts he injected subcutaneously into 4 guinea-pigs and 7 
rabbits, both female and male, and investigated the influence upon their 
gaseous metabolism. Belov (p. 255) also investigated the nitrogen metabolism 
in one experiment in which an extract of corpora lutea, and in another in which 
the remaining ovarian tissue was injected. No details or figures of these two 
experiments were given. The ovarian extracts (without corpora lutea) 
increased both gaseous and nitrogenous metabolism ; those of corpora lutea 
decreased the oxygen consumption and nitrogen metabolism. Sack (1912), 
working in Prof. E. Schafer’s laboratory, gave subcutaneous injections of an 
extract in physiological saline of dried corpora lutea of cow to male and female 
rats. These injections did not produce any definite change in the nitrogen 
metabolism of male rats and decreased that of female rats. Control injections 
of an extract prepared from the anterior part of the hypophysis did not change 
the nitrogen metabolism. 

Landsberg (1914) injected extract of corpora lutea into 1 castrated pregnant 
and 2 non-pregnant castrated bitches. Only a very slight increase in nitrogen 
retention was obtained, which, unlike the author, I think can hardly be 
considered significant. 

Bertschi (1920) was unable to discover that injections of ovarian extract 
had any influence upon gaseous metabolism. 
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Weil (1920) injected a protein-free extract of cow’s ovaries into guinea- 
pigs. A transient decrease in CO. excretion was observed. Unfortunately 
his experiments were only of very short duration. 

Tzubura (1923) increased the oxygen consumption and the excretion of 
CO, of 2 castrated rabbits, 1 male and 1 female, by the transplantation of 
ovaries, but he was unable to obtain this result by feeding the animals with 
these glands. 

De Veer (1924) injected subcutaneously a watery emulsion of an alcohol- 
ether extract of ovaries (ovarian lipoid preparation supposed to be identical 
with that isolated by Fellner, 1912, 1913) into both male and female rats. 
The gaseous metabolism was increased. Extracts of testes and of muscles 
prepared in the same way did not produce this effect. 

Only a few observations have been made on women. An increase in the 
nitrogen or urea excreted in the urine after the ingestion of ovarian tablets 
was found by Senator (1897) in 1 woman suffering from osteomalacia, by 
Mathes (1903) in 1 castrated woman, and by Jardry (1906) in 2 castrated and 
4 pregnant patients. On the other hand, Thumin (1900) records a deposition 
of nitrogen in 1 patient, which Mathes also found in the patient mentioned 
above, but before castration. Unfortunately the N intake was not constant in 
either of these experiments. 

Zuntz (1904, 1912) observed that the gaseous metabolism of 3 castrated 
women and 2 female eunuchoids was unchanged after the administration of 
ovarian tablets. 

Reviewing the results obtained by all these workers, we find that several 
are not consistent and often contradictory. In particular the experiments on 
testes are not conclusive. In some respects the metabolism technique used by 
some authors was not quite satisfactory; either the experiments were of too short 
a duration or the food intake was not constant, or catheterization and subse- 
quent washing of the bladder were not performed. However, the general 
impression gained is that testes have less effect upon metabolism than ovaries, 
and that in corpora lutea a principle or principles are present which decrease 
nitrogen and gaseous metabolism, and which, therefore, have an opposite 
influence to those in the remaining ovarian tissue. 


Il. THE PRESENT INVESTIGATION. 


The experiments described below were performed under my direction in 
the Laboratory of Experimental Pathology of the Medica] Academy at 
Petrograd, from 1913-1917, with the co-operation of Dr. Kusnetzov (1914), 
Dr. Merjeevsky (1916), Dr. Guinenevich (1917), Dr. Rosnatovsky, Dr. 
Bogoslovsky (1921). The detailed reports of the first 3 of my co-workers 
were published in Russian in the form of dissertations. A preliminary 
communication on some of the results obtained was published elsewhere 
(Korenchevsky, 1914). 


1. Technique. 


The experiments, which are described below, were performed on 35 dogs (11 males and 24 
females) and 8 female rabbits, some experiments being repeated twice or three times on the 
same animal. The technique of the metabolism experiments was described elsewhere 
(Korenchevsky, 1925). A few details only have to be mentioned here. Each experiment was 
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divided into three or sometimes four periods, namely : the first control period of 2 or 3 days 
before the injection of emulsion, the period. during which the injections took place, lasting 
2 days, followed by 1 or 2 control periods each of which lasted from 1 to 3 days. 

During the control periods 10 c.c. of saline solution and during the injection period about 
10 c.c. of emulsion were injected subcutaneously every day into each dog. Similar doses of 
about 3 ¢.c. were used for rabbits. The emulsions were prepared in the following manner : 
If the gland of a dog was to be injected the animal was killed on the day of the injection, 
and the sexual glands were cut out with sterile precautions. Ten c.c. of the emulsion 
contained 1 ovary or half a testis. When corpora lutea or the remaining ovarian tissue 
(ovarian tissue proper) were emulsified separately, the sexual glands were taken from cows in 
the slaughter-house on the day of injection with sterile implements, put into sterile glass- 
stoppered bottles and immediately brought to the laboratory. The emulsions were so 
prepared that 0°38 gm. of corpora lutea or 2 gm. of cow's ovarian tissue proper were used for 
each kilo of weight of the dog experimented upon. 

The glands were chopped with scissors, were ground in a mortar, emulsified with saline 
solution and filtered through gauze, the procedure being aseptic throughout. Owing to the 
hard consistency of cow's ovarian tissue proper, the greater part of it remained on the gauze. 
Therefore the resulting emulsion contained only from 6 to 10 mg. of nitrogen in each daily 
injection given to a dog. 

These injections did not produce any rise of temperature, nor were there any indurations 
or abscesses at the places of injection. 

In the experiments on bitches the daily period when uninterrupted consisted of 2¢ 
hours, or when 22 hours it was divided into two, the first subperiod of 4 hours, and the second 
of 18 hours. This was done to discover whether the influence of the injections is most 
pronounced in the few hours immediately after the injections. 

The tables below do not give all the figures of these subperiods in order to economize 
space. The only figures of particular interest during these subperiods were those of the 
urinary nitrogen excretion, and therefore these only are included in the tables. 

As in my previous paper (Korenchevsky, 1925), the actual figures, as published in the 
Russian papers, are not repeated, but again to economize space, Tables I-IV contain a 
summary of the most important results showing the percentage change in metabolism 
during the injection, and one of the following control periods compared with that of the same 
animal during the first control period before the injections. 

The column containing the nitrogen balance is an exception to this abbreviation. In it 
are given the actual figures in gms. per kilo of body-weight, and 24 hours to show the 
variations above (+) or below (—) normal. As is mentioned in a previous paper (Koren- 
chevsky, 1925), by this means a clearer idea is given of the amount of nitrogen retained or 
lost by the body than by the percentage figures, because the balance figures are often very 
small. 


2. The Influence of Subcutaneous Injections of Dog Testes upon the 
Metabolism of Dogs. 


These experiments (Table I) were performed on 3 normal dogs (Nos. 1, 14 
and 15), 5 castrated dogs (Nos. 2, 3, 25, 29, and twice, while feeding and while 
fasting, on dog No. 9), and on 3 dogs from which both thyroids and testes had 
been removed (Nos. 11,13 and 24). Some of these experiments were per- 
formed on fasting and some on “ feeding ”’ animals (see the second column of 
Table I), 5-10 months after castration, and 7-16 months after thyroidectomy. 

The figures in Table I show quite definitely that with one exception (dog 
No. 9), the injections produced an increase in the nitrogen metabolism of all 
animals from which the testes or both testes and thyroids had been removed. 
In the control periods following the injections of emulsion the nitrogen 
metabolism of most of the dogs changed in the opposite direction, so that the 
percentage decrease in the metabolism of some dogs (Nos. 2, 11 and 24) was 
even more below normal than the increase was above normal during the 
period of injection. This might be either a compensatory fluctuation in the 
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metabolism produced probably by antagonistic endocrine glands to regain 
the normal balance of the organism, or it might indicate the presence in the 
testes emulsion of different principles acting in opposite directions. 

In 2 dogs (Nos. 25 and 18) the increase in the nitrogen metabolism 
extended, although to a lesser degree, into the control periods. 

Out of the 3 normal male dogs into which testicular emulsion was injected, 
only 1 (No. 1) showed an increase in nitrogen and gaseous metabolism while 
fasting. The 2 others did not show any definite or considerable changes. 
Therefore, the emulsion was more active, when injected into castrated dogs, 
the nitrogen metabolism of which was decreased. This is corroborated by 
experiments, repeated twice, on dog 9, which was a “ thin” castrated animal 
with an increased nitrogen metabolism after castration, and which alone 
among the castrated dogs did not show an increased nitrogen excretion after 
the injections. 

The influence of the injections on an animal seemed to be greater when it 
was fasting than when it was feeding, but the number of experiments is too 
small to draw quite definite conclusions on this point. 

The fact that the removal of the thyroid did not alter the typical change 
in the nitrogen metabolism of a dog after these injections, indicates that in 
these animals the sexual hormones do not produce their influence upon 
metabolism by means of the thyroid (see Korenchevsky, 1925, pp. 32-35), or 
at any rate not exclusively by this means. In all animals the gaseous 
metabolism only changed a little as a result of the injections; it was usually 
decreased. In most cases diuresis was also slightly decreased, and the nitrogen 
absorption from the intestine slightly improved. 


The figures with 


he N balance; in the latter actual figures in grammes are 


Comparing the results obtained in the above-mentioned experiments on 
dogs with those of Korenchevsky and Carr (1925) on rabbits and those of 
other workers, the following conclusions may be drawn with regard to the 
influence of testes emulsion upon nitrogenous and gaseous metabolism. 

(1) As in the case of castration,* the injection of an emulsion of testis has 
not always the same uniform effect upon the metabolism of animals and human 
beings. This divergence occurs not only among different species of animals, 
but even among the different individuals of the same species. However, the 
injections of testis emulsion produced the same effect on most animals of the 
same species. 

(2) Neither ingestion nor injection of testicular preparations altered the 
gaseous metabolism of rabbits definitely. When a homologous emulsion of 
testis was injected into rabbits their nitrogen metabolism was slightly 
decreased, but only to the same degree as was observed after the injection of 
emulsions of other tissues, as, for example, kidney. 

(3) The injections of a homologous testicular emulsion into dogs produced 
a rise in the nitrogen metabolism of nearly all castrated and both castrated 
and thyroidectomized animals. This effect was seen in only 1 of the 3 normal 
dogs. In the control period immediately following the period of injections, 
the nitrogen metabolism of most dogs dropped considerably below normal. 


* See the literature in Korenchevsky (1925). 


Is after the number of the animal denote the order of repetition of the metabolism estimation. 


kets give the percentage change in the urinary nitrogen of dogs Nos. 8 II and III and 23 during the first sub-period lasting four hours. 


* In this and in the following tables the Reman numera 
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(4) These injections only changed the gaseous metabolism of dogs a little, 
if at all, in which case it was usually decreased. 


3. The Influence of Subcutaneous Injections of Ovaries Upon the 
Metabolism. 


Experiments with ovaries are more complicated than those with testis because 
the former contain three quite distinct tissues—the corpora lutea, follicular 
tissue and interstitial tissue. There are several indications of a possible inner 
secretion from all these three ovarian tissues (see literature in Bied], 1916). In 
practice it is not possible to separate ovarian interstitial tissue from the 
follicles. Therefore, our experiments naturally fall into 3 groups. In the 
first the influence was studied of an emulsion of the whole gland, in the second 
that of corpora lutea, and in the third that of the remaining ovarian tissue 
after the corpora lutea have been removed. It is necessary to mention here 
that it is difficult in dog’s ovary to identify all the smaller corpora lutea with 
the naked eye. 

A. Injections of emulsion prepared from the whole ovaries of dog or of cow. 
—These experiments were performed on 6 bitches, 1 of which was normal 
(No. 16), 3 were castrated (Nos, 8, 23 and 26), and 2 (Nos. 7 and 27) both 
castrated and thyroidectomized (Table I). In the two latter groups the 
animals were castrated about 3-8 months and thyroidectomized about 5-6 
months before the experiments began. The experiments on castrated 
bitches were divided into two groups. The animals in one group were either 
injected with a daily emulsion corresponding to + weight of cow’s ovaries, 
including corpora lutea (Nos. 8 II and 23), or with an emulsion of dog’s 
ovaries also containing corpora lutea (No. 8 III). The other group contained 
only 1 castrated animal (No. 26), into which was injected an emulsion of dog’s 
ovaries containing no visible large corpora lutea. This emulsion was also 
injected into 1 normal bitch (No. 16) and into 2 animals, which were both 
castrated and thyroidectomized (Nos. 7 and 27). 

The results obtained were similar to those with testicular emulsion. No 
influence was noticed upon the nitrogen metabolism of bitch No. 16, but the 
nitrogen metabolism was increased, unaccompanied by any definite change in 
the gaseous metabolism, of castrated bitch No. 26, and in 2 animais, Nos. 7 and 
27, which were both castrated and thyroidectomized, the N metabolism was 
increased and the gaseous metabolism decreased. It is noteworthy that the 
increase in the nitrogen metabolism of the 3 last-mentioned bitches persisted 
in the control periods following the injection period ; that of No. 7 was double 
the increase found in the injection period and amounted to 42 per cent. above 
normal. 

Quite different results were obtained in the bitches injected with ovaries 
containing corpora lutea (Nos. 8 II and III and 23). In these animals a 
decrease in the nitrogen metabolism accompanied in most animals by a slight 
increase in the gaseous metabolism occurred. In all these 3 bitches the daily 
metabolism experiment was divided into two subperiods : the first consisted of 4 
hours immediately after the injections, and the second of the 18 subsequent 
hours (see technique). In the first subperiod Nos. 8 II and 23 (injected with 
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cow’s ovaries containing large amounts of corpora lutea) showed a decrease in 
the nitrogen excreted in the urine of —2°6 per cent. and —39 per cent. 
respectively. When an emulsion of dog’s ovaries, probably containing fewer 
corpora lutea than cow’s ovaries, was injected into bitch 8 ITI, a rise of + 12 
per cent. above normal appeared in the nitrogen metabolism in the above- 
mentioned first subperiod, which increase did not diminish until the second 
subperiod, and resulted in a daily average decrease of —13°6 per cent. below 
normal. 

During the period of injections the animals did not change in weight. 
Diuresis was slightly increased in bitches Nos. 7, 26 and 27, and slightly 
decreased in bitches Nos. 8, 16 and 23. There was no increase in the 
temperature of the animals during any of these injections. 

B. Injections of ovarian tissue of cow from which the corpora lutea have 
been removed.—These experiments were performed on 10 bitches, normal, 
castrated 2-7 months and thyroidectomized 1-4 months before the investiga- 
tion began. The experiments were repeated on No. 17, No. 18 and No. 19 
twice, and No. 6 three times (Table IJ). 

The castrated animals used were subdivided into 2 groups: Group A 
comprised “ fat’ castrated bitches taken in that period of their post-castrated 
life in which they showed an increase in weight and decrease of nitrogen 
metabolism. Group B included “thin” castrated bitches, which showed a 
decrease in weight and increase of nitrogen metabolism. 

Therefore, as is clear from Table II, some animals were included in both 
groups according to the condition of their post-castrated metabolism at the 
time, when they were chosen for an experiment. In most cases the injections 
of an emulsion of ovaries from which the corpora lutea had been removed, 
produced a slight increase in the nitrogen metabolism; sometimes this effect 
was more pronounced or even only present during the control period following 
the period of injections. On an average the results were more pronounced in 
the ‘‘fat’’ castrated animals of Group A. In Group B there were more cases 
of slightly decreased nitrogen metabolisms. It is interesting that in the first 
sub-periods of 4 hours the effect of the injections into normal and castrated 
bitches was more marked whether it was a decrease or increase (see second 
column of Table II). In some bitches (Nos. 6 and 18) the effect of the 
injections became less the longer they were given after castration had taken 
place. It seems that some new balance perhaps gradually developed in the 
functions of the endocrine glands of these bitches after castration, which 
changed their response to the injections. 

The gaseous metabolism in most experiments during the daily periods as 
well as the subperiods only fluctuated within normal limits, but in some dogs 
(Nos. 10, 17 I, 20 and 22) it decreased to a considerable degree during the 
period of injections. 

Changes in diuresis were also not constant. The absorption of nitrogen 
from the intestines was slightly improved in most cases: for example, during 
the period of injections normal bitches, Groups A and B of the castrated 
animals and thyroidectomized bitches excreted in the feces on an average 
15'8 per cent., 2°2 per cent., 11°5 per cent. and 17°3 per cent. less of nitrogen 
respectively. 
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c. Injections into bitches of emulsion of corpora lutea of cow.—These 
experiments were performed altogether on 8 bitches, on 4 of which (Nos. 5, 
30, 31 and 33) the experiments were repeated after castration, and on 1 
(No. 33 II) during pregnancy as well. Therefore, the results are based on 13 
experiments on 6 normal bitches, 1 pregnant, 1 thyroidectomized 2 months 
and 5 castrated 2-3 months before the investigation began (see Table III). 

The metabolism during the first subperiod of 4 hours was estimated in 6 
experiments; the only results of interest were those of nitrogen excretion by 
the urine, which are given in the second column of Table ITI. 

The change in the nitrogen metabolism was in most cases the opposite of 
that obtained by the injection of ovarian tissue without corpora lutea—that is, 
the nitrogen excretion in the urine was diminished in 10 animals, and the 
nitrogen retained in the body was increased in 13 experiments. The greatest 
decrease in the nitrogen metabolism was noticed in most cases in the 4 first 
hours following the injections (Nos. 4, 5 I, 28, 30 II and 31 II). One 
experiment on bitch No. 35 afforded a different result to the others, the 
nitrogen excretion being increased during the first subperiod, and a distinct 
diminution being only observed in the control period following the injection 
period. This fall in the nitrogen metabolism produced by injections of an 
emulsion of corpora lutea was noticed in the control periods following the 
injections in 8 experiments (Nos. 5 I, 28, 30 I, 30 II, 31 I, 33 II, 33 III 
and 35). 

Castration produced a change in the effect of the injection of corpora lutea 
in 2 of the 4 animals. Bitch No. 5 II showed an increase in nitrogen 
metabolism when injected after castration instead of the decrease found before 
(No.5 1). Onthe other hand, bitch No. 33 before castration had an increased 
nitrogen metabolism during and after the injections, while the same injections 
during pregnancy (No. 33 IJ), or after removal of the ovaries (No. 33 IID, 
produced a quite definite fall in the nitrogen metabolism. 

The opposite results of these experiments, performed both before and after 
castration or before and during pregnancy, indicate probably that the reaction 
of the injected non-castrated animals depends to some extent on the different 
stages of development of the corpora lutea or of the remaining ovarian tissue 
in their ovaries. The varying degree of functional efficiency of these other 
endocrine glands might also account for the variation in the results obtained 
after the injections. 

With the exception of 2 experiments on bitch No. 33 (I and IT) performed 
before and during pregnancy the gaseous metabolism was only changed in an 
indefinite and inconstant way, if at all. Diuresis and nitrogen absorption in 
the intestine only changed in an indefinite manner. 

On an average, with a few exceptions there was no special difference 
between the reactions of castrated, thyroidectomized and normal animals to 
injections of an emulsion of corpora lutea. In the pregnant bitch the 
influence of her own corpora lutea upon metabolism seemed to increase the 
effect of the injections of the emulsion. 

p. Injections into rabbits of an emulsion of cow’s corpora lutea.—These 
experiments were performed on 8 rabbits, the gaseous metabolism only of 
which was studied. The experiment was repeated after castration on rabbit 
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No. 91. The 9 experiments were divided into 3 groups containing those 
performed on 4 normal, 2 castrated and 3 thyroidectomized rabbits. The 
animals were operated upon about 2-6 months before the investigation began. 

The results are summarized in Table IV, and only show a quite definite 
increase of oxygen consumption during the period of injections in 2 rabbits 
(Nos. 91 and 17). After rabbit 91 was castrated the injections did not change 
the gaseous metabolism at all. In no experiment on castrated or thyroidecto- 
mized rabbits were considerable changes obtained. 


TABLE IV.—Percentage Changes in the Gaseous Metabolism of Rabbits after 
Injections of Emulsion of Cow’s Corpora Lutea. 

No. of CO. O:. 

rabbit. 


——— $e 


Cont. p. Inj. p. Cont. p. j. p. Cont. p. 
Normal Rabbits. 

+92 . +3811 . 410 =. : . + or 

ao ee 2 SRD : . + 56 

—39 . +30 . +72 . 3h . +16°0 

—67 . —12 . ~re . +384. +86°4 


Average. +. 404 - 408 . 490 «2 4. 4S 
Castrated Rabbits. 

. ae e. 8... +e. ee. =. oe 

91 +. —e. =. 205 : — 50 











Average. s. =e. Oe. Hee. 05 . — O5 


Thyroidectomized Rabbits. 
85 ; 4 .. -43 . ~@t. ~—#) . TT . — 45 
19 , 94 . +40 . . F118 . +71. +213 
uti ee ee 
Average . +07 . +1°9 —2°8.. De . —0°08 


III. SUMMARY. 


From all the results obtained by me and my co-workers mentioned in this 
and previous papers (Korenchevsky, 1925; Korenchevsky and Carr, 1925), and 
from those obtained by other workers referred to above, it is quite obvious that 
neither removal of the sexual glands nor injections of emulsions of these glands 
always give a constant change in the metabolism of the experimental animals. 
Nevertheless, most animals reacted in a specific way to the experimental 
attempts to produce hypo- or hypersection of the sexual glands. 

As an explanation of the different effect castration had upon metabolism I 
suggested the following hypothesis in my previous paper. The results are due 
not only to the direct influence upon metabolism of the removal of the sexual 
glands, but also to the secondary changes produced by castration in the 
thyroid hypophysis, adrenals and pancreas, as well as to the varying degree of 
functional efficiency of these glands before castration. Certainly the injections 
of emulsions of the sexual glands also should influence the other endocrine 
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glands, and the resultant effect is partly due to the varying degree of functional 
efficiency of the synergetic and antagonistic glands. But in addition to this, 
when considering the effect of the injections of emulsions one more very 
important factor has to be considered. As was mentioned in a previous paper 
(Korenchevsky and Carr, 1925), endocrine glands, and in particular sexual 
glands, may contain several principles acting in opposite directions. For 
instance, Ashby (1923), Baker, Dickens and Dodds (1924), and Best, Smith 
and Scott (1924), found that various tissues contain an insulin-like substance 
probably identical with pancreatic insulin. Miss M. Carr and I will shortly 
publish a paper describing the influence upon metabolism of an insulin-like 
substance from testis isolated and prepared as a hydrochloride by Mr. F. H. 
Carr at the laboratories of the British Drug Houses. According to Fitz, 
Murphy and Grant (1922), Wilder, Boothy, Barborka, Kitchen and Adams 
(1922), MacLeod and Allan (1923), and Kudrjawzewa (1925), injections of 
insulin lower the nitrogen metabolism. A decrease in gaseous metabolism 
after insulin injections was found by Fitz, Murphy and Grant (1922), and by 
Dudley, Laidlaw, Trevan and Bock (1923), and Mattan (1924). The decreased 
nitrogen metabolism sometimes obtained after injections of emulsions of whole 
sexual glands or of ovarian tissue proper might therefore be partly explained 
by the presence in the gland emulsified of an insulin-like substance which 
prevails over the specific sexual hormones. According to the experiments 
of Sack and our Russian experiments, the ovaries seem to secrete at least 2 
hormones, 1 from the corpora lutea and the other from the ovarian tissue 
proper, each of which has a completely different influence upon nitrogen 
metabolism. This explains the varying results obtained in the nitrogen 
metabolism after injections of emulsion of whole ovaries, which certainly 
contain these two tissues in the most varying amounts. 

Put briefly, experimental data and observations on patients indicate that 
testis and ovarian tissue proper contain a hormone or hormones which 
increase nitrogen metabolism, but that of corpora lutea decrease it. The 
latter are only temporary glands, therefore castration in females probably may 
change the metabolism in either direction according to the content of corpora 
lutea in the ovaries removed. 

The activity of corpora lutea is most pronounced during pregnancy and 
during “ heat’”’ or menstruation. The lowered nitrogen metabolism during 
pregnancy was observed in animals by Reprev (1888, 1915), Hagemann 
(1891), Rudolsky (1893), Murlin (1910), Gammeltoft (1913), and in women 
by Saharievsky (1892), Schrader (1900), Slemons (1904) Hahl (1905), 
Prokopiev (1907) and Hoffstrom (1910). 

Reprev (1888, 1915), Schéndorff (1897) and Murlin (1910) found an 
increased nitrogen retention during the heat of animals. This was also 
observed by Schrader (1894) in menstruating women, but Zuntz (1904) and 
Blunt and Dye (1921) found no definite change in the gaseous metabolism 
during menstruation. 

These facts agree well with our experimental results, and both suggest the 
theory that an inner secretion from the corpora lutea controls the increased 
nitrogen retention as a preparation, during menstruation for possible pregnancy 
or during the latter for the development of the genitalia and fetus. 
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Taking all these results into consideration, and especially those we obtained 
on bitches and rabbits, the following conclusions may be drawn concerning 
the possible influence of ovarian preparations upon the nitrogen and gaseous 
metabolism. 

1. Subcutaneous injections of an emulsion or extract of the whole ovaries 
in most cases produced an increase in the nitrogen metabolism. 

2. Those of an emulsion or extract of corpora lutea in most cases decreased 
the nitrogen metabolism. 

3. Those of an emulsion or extract of the remaining ovarian tissue 
increased the nitrogen metabolism. 

4. The effects of these different ovarian tissues usually were most 
pronounced during the first 4 hours after the injections. 

5. In most experiments neither of these preparations from the ovary had 
any constant or definite effect upon gaseous metabolism. 

6. A decrease in the nitrogen metabolism after injection of whole ovaries 
can be caused partly by the principles of the corpora lutea prevailing, 
whereas an increase may be produced by the remaining ovarian tissue being 
dominant. 

7. In the pregnant animal influence of her own corpora lutea upon 
metabolism seemed to increase the effect of the injections of the emulsion of 
these glands. 

8. The lowered nitrogen metabolism observed during “ heat ”’ in animals, 
menstruation in women and pregnancy in animals and women is probably 
to some extent controlled by the internal secretions from the corpora lutea. 


GENERAL CONCLUSIONS. 

(1) The effects upon nitrogen metabolism, on the one hand of castration 
and on the other of injections of testis or of ovaries (without corpora lutea) 
observed in most animals, indicate that the sexual glands probably contain 
hormones, which increase nitrogen metabolism. 

(2) The varying effects upon the nitrogen metabolism obtained after injec- 
tions of emulsions of testis or of ovaries may possibly be explained by (1) the 
presence in them of specific (e.g. corpora lutea in ovaries) or of non-specific 
(e.g. insulin-like substances) principles ; (2) by the varying degree of functional 
efficiency and therefore the varying reaction of the synergetic and antagonistic 
endocrine glands, which are influenced by the injections ; (3) in non-castrated 
female animals by the different stages of development of the corpora lutea or 
of the remaining ovarian tissue in their own ovaries. 

(3) Experiments on thyroidectomized animals show that, in spite of the 
close interrelationship between sexual and thyroid glands, changes in N 
metabolism, produced by sexual hormones, are not exclusively caused by an 
increased stimulation of the thyroid gland. 

(4) Further experiments on castration and administration of different 
emulsions or extracts do not seem to elucidate more definitely the problem of 
sexual hormones. This is only possible when the active principles of the 
sexual glands are isolated. 





I wish to express my sincere gratitude to Prof. C. J. Martin for his 
criticism of this paper. 
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THE investigation into the effect of meals on the blood and urinary diastase 
concentrations is of two-fold importance. If it is shown that the urinary 
diastatic index is affected by the intake of food, then firstly, this physiological 
reaction must be taken into account when using the index as an aid to 
diagnosis in pathological cases. 

Secondly, by estimating the diastase in the urine and blood at frequent 
intervals after a test-meal, it might be possible to obtain a diastase curve in 
the same way as an acidity curve is obtained, by withdrawing gastric contents 
at short intervals after the administration of a test-meal. 

Such a diastase curve might yield valuable evidence as to the state of 
pancreatic secretion, and also to the method of excretion of this ferment. If 
in response to a meal an increase in diastase was observed, such a rise, if 
occurring immediately after the meal, would tend to confirm the theory that 
the diastase is secreted directly into the blood-stream, and from there into the 
urine. If some time were to elapse between the taking of food and the rise in 
diastatic concentration, it would lead one to suppose that the diastase was 
first poured into the intestine and reabsorbed from there into the blood- 
stream. 

Although Wohlgemuth (1908) had not introduced his method for the 
quantitative determination of diastase till many years later, it was shown by 
Michael Foster (1867) that the amount of the ferment in urine is increased 
after meals; for he observed that one hour’s urine passed after food acts more 
rapidly on a given quantity of starch than one hour’s urine passed when the 
stomach is empty. 

Corbett (1913) found that ordinary variations in hospital food from milk to 
full diet did not appear to have much influence on the urinary output of 
diastase. High readings were found by him in patients on full diet as well as 
in those on milk diet. He, however, quotes one case of an infant who had 
never received starch food of any kind, but had been on a milk diet only. On 
the administration of food containing starch he found that there was an 
increased secretion of amylolytic ferment into the urine. It must be noted 
that Corbett worked with single specimens of urine taken at different times 
throughout the day, 7.e. morning, afternoon and evening. 

Three years later Stocks (1916) investigated the meal effect by observing 
seven cases. He examined a series of urines taken at three-hourly intervals 
throughout the day. From the results, he concluded that the concentration 
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of amylase in the urine is at a maximum just after breakfast, and then 
decreases gradually with a secondary rise perhaps after dinner, as was 
indicated by a slight rise in diastase in only two of his cases, until in the 
evening it may reach a very low level. 

He did no starvation controls nor did he take into account the quantity of 
urine passed with each specimen. He admitted, however, that these variations 
might be accounted for merely by changes in the concentration of the urine, 
but he considered that the uniformity of the rise after breakfast in diastatic 
value in all his cases seemed to indicate some relation between the diastatic 
value and the digestive processes. 

In all previous work on this subject observers have employed specimens 
taken at two- or three-hourly intervals, and what is very important, rigid 
starvation controls were neither carried out to see if the rises after food were 
really meal effects, nor performed to observe what effect starvation had on the 
diastase output. 

To obtain a more accurate insight into any diastatic response to meals it 
was decided to carry out the estimations of diastatic activity for this investiga- 
tion at much smaller intervals—every half hour—and also to take into account 
the varying dilutions of the enzyme due to the varying quantities of urine 
passed in each specimen. This latter difficulty was overcome by expressing 
all the results, not as the concentration of diastase in the urine, which has been 
named the diastatic index, but as the rate of excretion of diastase per hour. 
This is obtained by the product of the volume of urine passed per hour and 
the concentration of diastase. Starvation controls were carried out to show 
whether any increases in diastatic output obtained in the experiments were not 
due to a cause other than the ingestion of food. Since the urinary enzyme 
must be derived from the blood, it was hoped that estimations of the diastase 
content of the serum at frequent intervals would add to the value of the 
urinary findings. 

Determination of the optimum pH and temperature of the blood and 
urinary enzymes has yielded identical figures. It would, therefore, be reason- 
able to expect similar variations in the diastase content of both blood 
and urine. Experiments were also conducted to see whether there might 
be any connection between gastric and pancreatic secretion. For this, 
simultaneous fractional test-meals and alveolar CO, tension determinations 
were carried out with the urine tests. It was found that the alveolar CO, 
tensions and gastric acidity varied in the manner already described by Dodds 

(1921). Thus with the taking of food the following series of changes 
occurred : 

(1) A rise from 2-5 millimetres in the alveolar CO, tensions falling to 
normal within half-an-hour to an hour. This elevation corresponds with the 
increased secretion of acid from the stomach as shown by fractional gastric 
analysis. 

(2) A subsequent fall in alveolar CO, tension in from 2-5 millimetres below 
the original level and a return to normal again within three-quarters to one 
hour. 

It has previously been shown that the fall in alveolar CO, tension corre- 
sponds to the period of alkaline secretion from the pancreas and intestines. It 
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can be seen, therefore, that by this method we have a record of variations in 
secretion of both the stomach and pancreas, and it was hoped to correlate 
changes in diastase content with the alimentary secretions. 

Experiments were begun on healthy individuals working in the laboratories, 
by observing the effect of breakfast on the output of diastase in the urine. 
Half-hourly specimens of urine were collected from the time the subject 
arrived, the bladder being emptied immediately on arrival and this specimen 
put aside. 

The method of estimating the diastase was the one described by 
Wohlgemuth (1908) and modified by Dodds (1922), who brings the reaction 
of the medium to pH 6'1. 

By this method, which has been made use of by the majority of workers, 
the readings possible are, in units: ° 

6°6, 10, 20, 22, 25, 28, 33, 40, 50, 66, 100, 200 

Intermediate values can be obtained by elaborate dilutions. 

The concentration of diastase was expressed in Wohlgemuth units, which 
are given by the number of c.c. of 0°1 per cent. starch solution digested by 
1 c.c. of the urine. 

It was soon observed that the rate of diastatic output fell from the first 
observation as time passed, and it became evident that a knowledge of the 
output value before the meal was taken was essential. 

The subject was instructed to empty his bladder on retiring for the night 
and to note this time. On rising in the morning the bladder was emptied and 
the time again noted. The nightly specimen together with subsequent half- 
hourly specimens were collected in separate bottles and brought to the 
laboratory. The times of taking the specimens and of having breakfast were 
also noted. 

From the three experiments in Table I (p.176), which are typical of results on 
normal individuals, it will be observed that within half to one hour following 
a meal there is a definite rise in diastase output. The height of the rise is 
approximately to double the value of the diastatic rate just before the meal. 

The figures subsequent to the meal do not fall off gradually, but here and 
there show marked rises as seen in Experiments 1 and 2; these values, how- 
ever, do not reach as high as the initial rise after food. These results are in 
general agreement with observations carried out in conjunction with Dr. E. C. 
Dodds, who performed alveolar carbon-dioxide tension determinations and 
fractional test-meals simultaneously with the urine estimations. To verify 
that these results were really meal effects, it was found necessary to perform 
starvation controls. Similar experiments to those described above were con- 
ducted, but no meals were taken. 

It will be seen from these starvation experiments (T'able II) that the 
figures of diastatic output tend to fall throughout the starvation period, the 
maximum being first thing in the morning. In Experiment 3 there is, how- 
ever, a gradual rise from the first, although no meal had been taken at break- 
fast. Both the starvation and meal curves are very irregular, but there 
appears to be a definite increase in diastatic output after a meal. It must be 
noted, however, that quite appreciable smaller increases in rate occur, even 
during starvation, 
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TaBLE I.—To Show Effect of Meals on the Output of Urinary Diastase. 
Experiment 1. Experiment 3. 


Units diastase 4 Units diastase 


Time. per hour. Time. per hour. 


7.30 a.m.-8.0 a.m. . . 2508 7.30 a.m.-8.0 a.m. . ; 594 
80 , 330, . . 8300 8.0 , 8.30 , . . 872 
Meal 8.35 a.m.—8.55 a.m. Meal 8.30 a.m.-8.50 a.m. 

8.30 a.m.-9.0 am. . . 6400 8.30 a.m.-9.0 am. . : 600 
— , “ee CT - 2600 {90 ,, -9.30 , . . 1056 
9.30 ” -10.0 ” ° . 2160 | 9.30 ” -10.0 ” ‘ . 340 
10.0 ,, -10.30,,  . . 2706 10.0 ,, -10.30,, . . 860 
10.30,,, -11.0 ,,_ . . 5016 10.30,, -11.0 , . . 860 
ie, “sie, =. . 8520 11.0 ,, -11.30, . _ 840 
11.30 ,, -12.0 noon . . 5000 11.30 ,, -12.0 noon . . 280 
12.0 noon—12.30 p.m. . 260 
12.30 p.m.—1.0 p.m. . . 280 


: Units diastase 
Time. per hour. | Meal 1.5 p.m.—1.20 p.m. 


4.30 p.m.—-5.0 p.m. . . 1805 1.0 p.m.-1.30 p.m. . : 784 
5.0 , -5.30 ,  . . 1131 100, 20 . .. . 600 
Meal 5.35 p.m.—5.55 p.m. 20 » 4292 , .- ; 560 
5.30 p.m.-6.0 p.m. . . 1160 233 » “2 » - . 840 
6.0 ,, —6.30 y . 2100 33 «|. =30 5, - ; 320 
6.30 ,, —7.0 . . 1960 3.30 —4.0 : : 320 
7.0 -7.33 , . 1595 
7.33 -8.1 , . 1276 
8.1 -8.32 , . 13850 
8.32 -9.6 ee . 14380 
9.6 —9.30 . 1160 
9.30 -10.0 ,,.. . 1100 


Rate just before Maximum rate } to 
meal. 1 hour after meal. 


1 , : 3300 : . 6400 
2 ; , 1131 ‘ ; 2100 
3 ; ‘ Ist 572 , , 1056 

2nd 280 ' ‘ 784 


TABLE II.—Starvation Controls (No Breakfast Taken). 


Units diastase per hour. 


Experiment 2. 


Experiment. 





Times. — 
II. 


8.0 a.m.-8.30 a.m. : : 2049 
8.30 ,, -9.5 : ‘ 1645 
9.5 ,, -9.30 ; ‘ 1617 
9.30 ,, -10.0 ; } ; 1102 
10.0 ,, -10.30 : : 1007 
10.30 ,, -11.0 : : 1650 
11.0 ,, -11.30 ; 5¢ . 1803 
11.30 ,, -12.0 noon ‘ 56 ; 1764 
12.0noon-12.30 p.m. : 5 7 1994 
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TaBLE III.—Ezperiments Employing New Method. 


These were carried out simultaneously, the three subjects having their 
meals at the same time. The times of observation and the rates of excretion 
of diastase are given below : 


Units diastase per hour. 





Time. _——_—_————_ — 
1 rT. 
10.0 a.m.--10.30 a.m. ‘ 1200 ' 396 
10.30 ,, -11.0__,, . 1150 ; 360 
11.0 ,, -11.30 ,, ‘ 874 420 
11.380 ,, -12.0 noon : 828 ; 400 
12.0 noon-12.30 p.m. ‘ 1056 , 520 
12.30p.m.-1.0 p.m. ; 644 , 154 
Meal 1.5 p.m.—1.25 p.m. 
1.0 p.m.-1.30 p.m. , 757 250 
» “20 ,, , 1080 , 250 
» 2.30 ,, , 512 352 
» OO as ; 748 : 572 
» 0.50 ,, ‘ 748 ; 336 
40 ,, . 1008 440 


TaBLE IV.—Effect of Meals on the Blood-Diastase Content. 
Units of blood diastase (5 subjects). 
Time. ——<———. aa —_—— Sawa 





I. III. IV. 


11.30 a.m. 
12 noon 


Meal 1.15 p.m.-1.45 p.m. 
2.0 p.m. ‘ < 


Now it will be seen that the only approximate readings obtainable by the 
method used are partly responsible for the irregular results. As has been 
pointed out the graduations in this method are 6°6,10,20 . . . 200 units. 
It will be seen that intermediate values between the numbers are recorded by 
the lower figures—for instance, a diastase solution of 19 units would be read as 
10 units. For clinical purposes at the present day, where only very high or 
very low values are considered, this method of Wohlgemuth’s is of value, but 
for research purposes it is inadequate. A method was required which would 
give readings at least to the nearest unit. Such a method was evolved in 
conjunction with Dodds (1924). 

As soon as this method was introduced experiments on the effect of meals 
on diastatic output were repeated with the results shown in Table ITI. 
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In every case there follows within an hour a rise in diastase output after 
the meal. 

From a comparison of the results obtained by the Wohlgemuth and the 
new method, it will be seen that the employment of the latter, as was antici- 
pated, has produced much smoother curves. The increase after meals is much 
less apparent than wher the old method was used. Seeing that the employ- 
ment of the new method has produced more regular curves, it was decided to 
make a thorough investigation into the effect of meals on the urinary diastase 
using this method, and working over a period of twenty-four hours. These 
experiments with starvation controls will be described at some future date. 


OBSERVATIONS ON BLOOD. 


Observations on the blood diastase in relation to meals have been recorded 
by various writers. The general agreement of the results obtained by these 
independent workers in the case of blood is in contrast to the indefinite 
urinary findings. 

One of the earliest workers (Stocks, 1916) observed the blood diastase at 
different tin 2s during the day and found that the level is practically constant 
at all times. 

Lewis and Mason (1920) examined the effect of test-meals of definite 
composition on five normal individuals. The blood diastase was estimated in 
the morning before the breakfast meal, and one and a half hours after it. 
From the figures obtained they arrived at the conclusion that the diastatic 
activity of the blood shows very little change in relation to food. This they 
found to apply both to ordinary meals and to those in which there was a large 
preponderance of one particular type of food. Seeing that one and a half 
hours elapsed between the intake of food and estimation of diastase, any 
immediate effect due to meals would probably be missed. 

Working on diabetes, Harrison and Lawrence (1923) performed the 
following experiment: A healthy active individual and a patient with mild 
diabetes mellitus were bled every hour for eight hours. The first estimation 
was made after a night’s starvation, and two subsequent meals gave ample 
opportunity for observing any effect due to intake of food and digestive 
activity. In both individuals the serum diastase remained absolutely constant. 

It appears therefore from experimental evidence that the blood diastase is 
subject to very little variation through the day, meals having no effect. 

Results on animals differ from those on human beings, for it has been 
observed by Cammidge, Forsyth and Howard (1920), and others, that in 
healthy dogs and rabbits meals produced a definite increase in blood diastase. 
Much difference of opinion is shown by different workers on the normal value 
of blood diastase. The following are some of the values: 


Wohlgemuth and Noguchi — : ; 2 8-16 units. 
Corbett (1913) . ; , : 

Stocks (1916) . 

Myers and Killian (1917) . . 

Maclean and de Wesselow (1920) 

Harrison and Lawrence (1923) . 
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All admit, however, that the figures in the case of blood are much lower 
than in urine. The divergence of the normal values can be explained in some 
cases by the fact that the experimenters have fixed their own unit of diastase 
concentration ; for instance, Myers and Killian (1917) say that ‘‘ the scheme 
we have followed in recording our results is an arbitrary one.” In their 
observations the results have been recorded in terms of the percentage of the 
soluble starch transformed to reducing sugar by 2 c.c. of blood. 

In Table IV will be found the results obtained by investigating the diastase 
content of specimens of blood obtained from 5 normal men. 

Blood was taken at half-hourly intervals where possible. The dextrin 
method (Cohen and Dodds, 1924) was employed in the estimation of all the 
blood diastase contents. The diastase content of the blood was observed to be 
on an average about 3 units, meals having no effect. 


CONCLUSIONS. 


It has been demonstrated that the output of diastase into the urine varies 
greatly. During the day the rate of diastase output rises and falls without 
apparently any definite cycle of change. Meals seem to produce an immediate 
increase in output, which is more marked in some individuals than others. 
After the meal effect there is no definite indication whether the output will 
rise or fall. 

Readings during starvation period have also been found to be irregular. 
The blood diastase remains at a constantly low level throughout the observa- 
tion periods, despite the marked changes in the urinary diastase content. 

It would appear, therefore, that diastase is irregularly absorbed from the 
gut, and then is excreted as completely as possible from the blood. In the 
light of these observations, examination of isolated specimens of urine for 
clinical purposes would seem to yield very unreliable information. On the 
other hand, however, the relative constancy of the blood diastase content 
renders the necessity for any special precautions with regard to meals 
unnecessary. 
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THE starting-point of the experiments described in this paper was an 
observation made some years ago in this Institute by my colleagues, Captain 
S. R. Douglas and Dr. H. W. Dudley, regarding the properties of the specific 
precipitate produced when an immune serum is mixed with its homologous 
antigen—in this case a native serum from another species. Douglas and 
Dudley prepared a quantity of such a precipitate and found that it had some- 
what curious solubilities. It was insoluble in water, normal salt solution, 
weak acids and alkalies and in alcohol, but dissolved in alcoholic alkali. It 
resisted the reaction of trypsin. These curious properties were to some 
extent explained by the observation that about 25 per cent. of the dry 
precipitate was soluble in ether. This ether-soluble material, consisting 
mainly of cholesterol, cholesterol esters and lipoids, can only have come from 
the antigen or from the immune serum, or from both, and the large amount 
present in the precipitate suggests at once that these ether-soluble substances 
probably play an important part in the mechanism of the precipitin reaction. 

The réle of lipoids and cholesterol in immunity and their significance in 
certain immunity reactions have been the subject of very many investigations. 
These substances occur in all living cells and in blood, and in recent years our 
knowledge of their composition, structure and properties has been much 
advanced. Their importance in immunity and immunity reactions, and, 
indeed, in all vital processes (Leathes, 1925) is generally recognized. It is 
known that lipoids, cholesterol and soaps are intimately associated with the 
phenomenon of hemolysis, and that certain of the brain lipoids neutralize the 
poisonous action of certain bacterial toxins. The serological reactions used 
for the diagnosis of syphilis depend upon the presence of lipoids and cholesterol 
in the so-called “antigen.” On these points there is general agreement, but 
diversity of opinion characterizes most other aspects of the subject. The 
question as to whether lipoids possess true antigenic properties, 7.e. whether 
on injection they give rise to antibodies, has been the subject of much discus- 
sion, but the weight of evidence is against this view. Attempts have been 
made to extract ether-soluble substances from crude antigens, and some workers 
have claimed that the injection of such preparations has been followed by the 
production of antibodies. It is generally believed, however, that such anti- 
genic activity as these extracted substances possess is due to traces of protein 
which they contain. Some workers believe that lipoids play a part in 
phagocytosis, in complement-deviation, and in sensitization and anaphylactic 
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shock, while others are of the opinion that these substances are of no 
importance. It has been claimed that agglutinins, hemolysins and the anti- 
complementary substances which occur in certain normal sera are lipoids, and 
these claims also have been denied. 

The total amount of ether-soluble substances present in normal serum 
varies in different species of animals: usually from 0°5 to 0°75 gm. is obtained 
from 100 c.c. of serum. In recent years a large amount of work has been 
done involving the determination of the total amount of ether-soluble 
substances in blood, plasma and serum, and the relative amounts of cholesterol 
(and esters) and lipoids occurring in normal and pathological conditions. A 
study of this work shows that the complete removal of these substances from 
the fluids in which they occur is by no means simple. Further, a great many 
of the methods used—suitable enough when it is merely a question of 
determining the amount of lipoids and cholesterol present—are inapplicable to 
an immunological investigation, since they involve processes which destroy the 
specific characters of the antigen or antibody under investigation. Any method 
which involves heating, dehydration by means of anhydrous inorganic salts, 
saponification or the use of solvents under conditions tending .to produce 
coagulation of proteins is excluded. There remains, as practically the only 
method for preparing reagents which, on the one hand, are free from ether- 
soluble substances and, on the other, retain their specific properties unimpaired, 
extraction with ether at ordinary or lowered temperatures. Alcohol and 
acetone, under certain special conditions such as those defined below, may also 
be used. Even in applying this simple procedure, either to solutions of 
proteins or to proteins in the dry condition, two important facts must be borne 
in mind. In the first place, it has been shown that it is very difficult to 
remove all the ether-soluble constituents of serum by simple extraction with 
ether (Hardy, 1905; Suranyi, 1912; Haslam, 1913; Chick, 1914), and 
secondly, as Forsmann (1921) has shown, it is very difficult to remove the 
ether which remains dissolved in the serum, and according to Graham (1911) 
and Forsmann (1921) the presence of traces of such an organic solvent may 
profoundly modify the course of a serological reaction. It is possible that 
herein may be found an explanation of the contradictory results, referred to 
above, which have been obtained by different workers. 

In the experiments described below the attempt has been made to prepare 
certain antigens and immune sera free from ether-soluble substances. The 
behaviour of these reagents has been investigated in order to ascertain, if 
possible, the part played by lipoids and cholesterol in certain well-known 
serological reactions. In every case this behaviour has been compared with 
that of the same antigen or immune serum in the native, unextracted state 
under precisely similar experimental conditions. 


METHODS. 


In order to remove the ether-soluble constituents of serum and, at the same 
time, avoid denaturation of the proteins with consequent loss of specific 
properties, the method described by Hardy and Gardiner (1910) appears to be 
the most suitable, and, indeed, approaches most nearly to the ideal from the 
immunologist’s point of view. This method has accordingly been used. The 
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original method of Hardy and Gardiner was followed very closely, although 
not exactly, and a description of a typical experiment will indicate the 
manner in which dry preparations of certain antigens and immune sera were 
made. 

A mixture was made consisting of 7 volumes of absolute alcohol and 3 
volumes of ether,/previously washed free from impurities, dried over calcium 
chloride and distilled) 100 c.c. of this mixture was cooled to — 20° or — 18°C., 
and 10 c.c. of serum, previously cooled to 4°C., was added very slowly, drop by 
drop, the container being shaken continuously during the addition of the 
serum. When all the serum had been added the flask was well shaken and 
allowed to stand for two hours. The fine white precipitate of serum proteins 
was filtered off on a small Buchner funnel and washed repeatedly with strongly 
cooled absolute ether (ether, that is, which has been purified as described 
above and then treated with metallic sodium and redistilled). At least 200 c.c. 
of absolute ether should be used for washing at this stage, the object being to 
remove, as far as possible, the alcohol. The precipitate is transferred to a 
fat-free Soxhlet thimble, and placed in a desiccator containing fresh pure 
sulphuric acid, which is then evacuated. The whole of the preceding opera- 
tions are carried out in the cold room, which in this Institute is maintained at 
a temperature of — 3°C. The precipitate is then extracted in a Soxhlet with 
absolute ether for 16 hours, and finally placed im vacuo over pure sulphuric acid 
for several days. 
~ In order to reconstruct serum from the dry extracted powder a quantity 
is weighed out and a small amount of normal saline added, and the whole 
allowed to stand undisturbed for an hour or so at room temperature. Solution 
is slow, but this is entirely due to the difficulty of wetting the small dry 
particles. The protein content of the original serum having been determined, 
the volume of the reconstructed serum is made up to the calculated amount, 
and a solution is obtained similar in all respects to the original serum, with 
the exception that it is free from those constituents soluble in alcohol and 
ether under the conditions of preparation described above. 

The method possesses the following advantages : 

(1) The final product is perfectly soluble in water, normal saline or 
Ringer’s solutioa, yielding a clear fluid. 

(2) The specific properties of sera treated in this way are unchanged and 
undiminished in amount. 

Hardy and Gardiner showed that serum and plasma after treatment by 
this method are physiologically unchanged. Dry preparations of plasma 
when redissolved clot normally when the appropriate amount of calcium 
chloride is added. They also found that diphtheria antitoxin could be treated 
in this way without loss of units—a fact which has been confirmed in the 
present series of experiments. 

Dean (1913) showed that the dry powder which he obtained by treating 
fresh guinea-pig serum by this method was rich in the mid-piece fraction of 
complement and also contained traces of end-piece. The dry powder retained 
its full activity for 9 months. 

(3) The final product, being a powder, the particles uf which are extremely 
small, can be readily freed from ether. 





ETHER-SOLUBLE CONSTITUENTS OF SERUM. 183 


(4) Extraction of the ether-soluble constituents appears to be very 
complete. Experiments are still in progress on this point, but it appears 
that practically the whole of the ether-soluble constituents may be removed by 
a single treatment, and that remaining traces can be removed by repeating 
the process on the extracted and reconstructed serum. 


RESULTS. 
The Precipitin Reaction. 


Preparation of precipitating sera.—Rabbits were used. They were 
injected intravenously on three occasions at intervals of 4 days, the doses 
given being 0°5 c.c., 1°0 c.c. and 2°0 c.c. Sample bleedings were taken 10 
days after the last injection, and such animals as had responded by the 
production of a serum with a titre of + '55 or better were bled the following 
day, 50 to 70 c.c. of blood being withdrawn. 

The antigens used were normal horse-serum, the same horse-serum 
previously extracted by Hardy and Gardiner’s method, normal human serum, 
and a very pure preparation of horse-serum albumin (three times recrystal- 
lized and then extracted by Hardy and Gardiner’s method). 

Proteins which have been freed from ether-soluble substances proved to be 
excellent antigens, yielding on injection precipitating sera which were quite 
as good as those produced by the same protein which had not been treated by 
Hardy and Gardiner’s method. 

Normal horse- and human sera and precipitating sera prepared with these 
antigens were extracted by Hardy and Gardiner’s method and examined in the 
following way: Four series of tubes were accommodated in the same rack. 

Row 1.—Each tube contained 1 c.c. of antigen dilution, which in this row 

consisted of native horse-serum. To each tube was added 
0'1 c.c. of native immune serum. This row is regarded as the 
control series. 

Row 2.—Antigen—eztracted horse-serum; 1 c.c. of antigen dilution in 

each tube. 
Immune serum—native ; 0°1 c.c. in each tube. 

Row 3.—Antigen—native horse-serum; 1 c.c. of antigen dilution in each 

tube. 
Immune serum—eztracted ; 0°1 c.c. in each tube. 

Row 4.—Antigen—extracted horse-serum; 1 c.c. of antigen dilution in 

each tube. 
Immune serum—eztracted ; 0°1 c.c. in each tube. 

Thus in every experiment of this kind the reaction was carried out with 
ordinary native reagents (Row 1), with reagents in which antigen or immune 
serum only was extracted (Rows 2 and 3), and with reagents from which all 
ether-soluble constituents had been removed (Row 4). 

The results of the first experiment carried out in this way are shown in 
Table I. The first readings were taken at the end of 1 hour and second 
- readings at the end of 24 hours. 
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This particular type of experiment has been carried out with many different 
precipitating sera and the same general result has always been obtained. 
Slight differences—of degree rather than of kind—have been observed, and 
these are referred to in the following summary : 

(1) The tubes of Row 1.—These may be regarded as the control 
series in which the precipitin reaction is carried out in the usual way 
with native untreated reagents. In this row the amount of precipitate 
produced by the reaction between a constant volume of precipitating 
serum and certain dilutions of antigen is determined, and the titre of 
the immune serum is also determined. The amount of precipitate 
is always greatest in the tubes of this row. 

(2) The tubes of Row 2.—The amount of precipitate produced in 
these tubes may be less than in Row 1, as in the experiment quoted, 
or, as is more frequently the case, the amount is apparently the same 
as in the tubes of the control series. The end-point is the same here 
as in the control series. The inhibition zone observed in this experiment 
is an inconstant finding. 

(3) The tubes of Row 3.—The amount of precipitate produced in 
these tubes is always smaller than in Row 1 or Row 2. In the case of 
those sera which, although having a high titre, produce only a small 
amount of precipitate, no precipitate at all may be seen for some hours. 
After standing overnight, however, either at room temperature or in 
the cold room, a small amount of precipitate separates out. The end- 
point is the same, or within a tube, of the control series. 

(4) The tubes of Row 4.—In this series no precipitation occurs, either 
early or late. In the case of extracted precipitating sera which, although 
of high titre, normally produce only a small amount of precipitate, 
the contents of the tubes of Row 4 are clear when mixed and remain 
clear indefinitely. On the other hand, in the case of extracted sera 
prepared from precipitating sera which normally produce bulky 
precipitates when mixed with antigen, the tubes in Row 4 become 
opalescent after a time. This opalescence persists, and it has been 
observed that when this opalescence occurs it is in the tubes corre- 
sponding to those tubes in Row 1 in which precipitation has occurred. 
Thus, for example, if precipitation has occurred in the first eight tubes 
of a control series, then opalescence is observed in the first eight tubes 
of the series in which the ether-soluble constituents of the reagents 
have been removed (Row 4). 

Opie (1923) has shown that under certain conditions the specific precipitate 
produced in the precipitin reaction is soluble in excess of antigen. It may be 
that in the absence of ether-soluble substances the specific precipitate is more 
than usually soluble in the antigen solution. Further, it is possible that when 
the reaction is carried out with extracted reagents a precipitate is formed the 
particles of which are extremely small, of microscopic dimensions almost, and 
these can neither aggregate nor sediment. These points were investigated 
at one and the same time by carrying out the reaction as a ring test. The 
antigen dilution was prepared as in the experiment described above, and 0'1 c.c. 
of immune serum was carefully released at the bottom of each tube by means 
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of a fine graduated capillary pipette. A sharp line of demarcation between 
the two liquids can be seen quite easily and watched for the appearance of a 
ring. At the plane of junction the excess of antigen is reduced to a minimum, 
and from the recent work of Opie the most favourable conditions for precipita- 
tion are afforded here. Moreover, if it is a question of a precipitate being 
formed which is lost to sight through being distributed in a relatively large 
volume of liquid, then, by concentrating the reaction to the plane of junction, 
if such very fine particles are really produced, they will be crowded together 
and should appear as a ring. 

The results of the first experiment of this type were as follows : 

Row 1.—Reagents : Native horse-serum (antigen) and native immune 

serum B. 

Result : Definite ring formed rapidly at all dilutions up to gy/r¢. 
Large clumps separated later and fell to the bottom of the 
tube. 

Row 2.—Reagents : Extracted horse-serum (antigen) and native immune 

serum B. 

Result : The same as in the tubes of Row 1. 

Row 3.—Reagents : Native horse-serum (antigen) and extracted immune 

serum B. 

Result : The same as in the tubes of Row 1, but the rings were 
definitely smaller, and the clutaps of precipitate which sepa- 
rated out later were less. 

Row 4.—Reagents : Extracted horse-serum (antigen) and extracted immune 

serum B. 

Result : At 75 dilution of antigen a faint narrow ring appeared 
in 20 minutes. At +55 a still fainter ring, and at 5;'55 a very 
faint ring could be seen after some 30 minutes. The rings 
were very faint, they formed slowly, and no precipitate settled 
out from them. 

This experiment was repeated with three other extracted precipitating 
sera, viz. A, Dand E. Tested against dilutions of extracted antigen, one serum, 
D, gave results similar to those quoted above. Serum A gave, after 45 to 60 
minutes, very faint rings with antigen dilutions of +}, and z,\sp and a just 
perceptible ring after 4 hours with a 5,55 dilution of antigen. Serum E, 
however, tested under the same conditions, showed no ring formation with any 
dilution of antigen tested. In this case the tubes were indistinguishable from 
the control tubes in which normal rabbit-serum was tested against the antigen 
dilutions—that is, the results were different in so far as the extracted sera 
varied in the intensity with which they gave a feeble ring test, and one serum 
failed altogether. The most likely explanation for this difference in behaviour 
of the four extracted sera seemed to be that the three sera which gave slight 
positive reactions by the ring test had not been deprived completely of ether- 
soluble substances, and the result of the following experiment suggests that 
this explanation is the true one. 

Anti-horse precipitating serum P was used; it was chosen for this experi- 
ment on account of the fact that it gave a very large amount of precipitate, 
when tested in the ordinary way, even with antigen dilutions of ;5$57. The 
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serum was extracted in the usual way and tests carried out as described above. 
Bulky precipitates were produced in Rows 1 and 2, a smaller precipitate in 
Row 3 and opalescence in the tubes of Row 4. When examined by the 
ring test the extracted serum P exhibited faint and slowly developing ring- 
formation when deposited under dilutions of extracted antigen. The dry 
extracted serum P was now reconstructed in saline and the extraction process 
repeated, and when examined by the ring test this twice-extracted immune 
serum now gave a completely negative reaction, when deposited beneath 
dilutions of extracted antigen. 

Thus a single extraction usually removes nearly all the ether-soluble 
substances ; occasionally, all such constitutents may be removed by a single 
extraction. It is conceivable that when a drop of serum strikes the cold, 
shaken alcohol-ether mixture it “splinters” into very small droplets, but some 
of these may be large enough to enclose traces of ether-soluble material which 
escape extraction in the Soxhlet. Reconstruction of such a dry extracted 
serum and repetition of the extraction process enables one to remove (by 
exposing fresh surfaces) any such traces of ether-soluble substances. 

Experiments were carried out to see if precipitation could be induced in 
mixtures of antigen and immune serum which had been freed from ether- 
soluble constituents. 

The results of these experiments are summarized below : 

(1) Restoration to the mixture of those ingredients which had been 
removed by the extraction process. 

The alcohol and ether were evaporated off im vacuo at a low 
temperature, and the residue was emulsified in a volume of normal salt 
solution equal to that of the serum originally used. The emulsion was 
centrifuged and the opalescent fluid removed, and allowed to stand for 
2 days. Spontaneous precipitation did not occur, nor did precipita- 
tion occur in the control tubes set up in the different experiments. 

The action of this emulsion was investigated in two ways: 

(a) It was added in varying quantities to mixtures of antigen 
and immune serum (both extracted) after these had been 
mixed and allowed to stand for varying periods. Precipita- 
tion did not occur. 

(b) The extracted reagents were dissolved in the emulsion so as 
to reconstruct, as nearly as possible, the original serum. 
Precipitation did not occur when these were mixed together. 

(2) The effect of normal rabbit serum was investigated in three 
experiments. In one case mixtures of extracted antigen and immune 
serum were allowed to stand for 1 hour, and 0°l c.c. of normal 
rabbit serum was then added to each tube: after standing overnight a 
very small, rather granular precipitate could be seen, and this ultimately 
settled on the sides and the bottom of the tube. 

In the other two cases the extracted immune serum was dissolved 
in normal rabbit serum and tested against extracted antigen. In both 
cases a small amount of rather granular precipitate separated slowly. 

The experimental results obtained up to the present suggest that the 
absence of precipitation in mixtures of solutions of extracted reagents is due to 

14 





188 P. HARTLEY. 


the absence of those ether-soluble constituents which are normally present. 
The possibility that this absence of precipitation may be due to other causes, 
however, has been considered: a number of experiments have been carried 
out to investigate these possibilities and the results are summarized below. 

1. Reaction.—Hardy and Gardiner state that the product obtained by their 
method when dissolved shows the normal alkalinity of serum. This observa- 
tion has been confirmed ; the reaction of mixtures of native reagents, which 
flocculate readily, is the same, or very nearly so, as the mixtures of the same 
reagents when extracted which do not flocculate. 

2. Temperature.—Ottensooser (1923) has shown that the specific precipitate 
produced when a solution of egg albumen is added to its homologous serum 
dissolves almost completely when warmed to 55°—-56° C., and that precipitation 
does not occur on cooling. This property is a peculiarity of freshly-prepared 
specific precipitate ; if such precipitates are cooled to 5° C. for 24 hours they 
dissolve partially on warming to 55°—-56° C. 

Experiments on similar lines have been carried out using (a) native 
antigen (horse-serum) and native immune serum and (db) extracted antigen 
(horse-serum) and extracted immune serum. When native reagents were 
used, although in no case was complete solution of the freshly-prepared 
precipitate effected, yet it was quite evident that the amount of precipitate 
produced when the reaction was carried out at 55° C. was much less than when 
the reaction was carried out at 37° C. or at room temperature. 

In the experiments carried out in the same way with extracted reagents a 
slight temperature effect was observed in one out of four extracted sera tested. 
With three of the sera no precipitation occurred with any dilution of extracted 
antigen at room temperature, 37°C. or 55°C. In the case of one extracted 
serum, however, the following result was obtained: No precipitation occurred 
when the reaction was performed at 55°C., but a very slight precipitate could 
be seen with a hand lens on the following day in the tubes which had been 
left on the laboratory bench, and also in those which had been heated to 
37°C. for 1 hour and then left at room temperature overnight. It is 
possible that a single extraction failed to remove the whole of the ether- 
soluble constituents of the serum, and enough material was not available for 
repeating the process of extraction. 

The effect of heating the extracted reagents to 55° C. for 30 minutes and 1 
hour prior to mixing was also investigated. It was found that such heated 
solutions of extracted reagents did not form a precipitate when mixed together. 

3. During the extraction process certain inorganic constituents of serum 
are removed as well as fats, lipoids and cholesterol. In order to discover 
whether the failure of extracted reagents to precipitate was due to the absence 
—or presence in reduced quantity—of inorganic constituents of serum other 
than sodium chloride parallel experiments were carried out. In one series the 
extracted reagents were dissolved, and the antigen dilutions made, in normal 
saline, and in the other series the same extracted reagents were dissolved and 
diluted in Ringer’s solution. In neither case did precipitation occur. 

From the above data it is clear that the extraction process, designed to 
remove lipoids, cholesterol, etc., yields preparations of antigen and specific 
immune body which, when mixed together, do not form a precipitate. 
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Several possible explanations of the phenomenon arise for consideration : 

1. Is the absence of precipitation due to damage done to the antigen and 
specific antibody during extraction? The results of Hardy and Gardiner, and 
particularly the work of Dean, is regarded as evidence against this view. 
Dean found that the mid-piece of complement could be preserved by this 
method, and since complement—whatever its real nature may be—is the most 
fragile of all the reagents used by the serologist, it is difficult to believe that a 
process which does not destroy complement will destroy precipitins. Some 
further evidence on the same point is supplied by the experiments quoted 
above: thus in Rows 2 and 3 (Exp. 1, Table I), in which one of the reagents 
only has been deprived of ether-soluble constituents, precipitation occurs, and 
to the same end-point as in the control series (Row 1). Further, in the case 
of certain extracted precipitating sera which in the native condition produce 
bulky precipitates, opalescence but no precipitation occurs when the extracted 
reagents are mixed, and this opalescence appears in the tubes corresponding to 
those of the control series which show precipitation. Finally, it is shown in 
succeeding sections of this paper that antitoxic, agglutinating and hemolytic 
sera retain their specific properties unchanged after treatment by Hardy and 
Gardiner’s method. 

2. Is the absence of precipitation due to physical changes produced in the 
reagents as a result of the method of preparation? The dry powders are 
perfectly soluble, but it is possible that the colloidal properties of the solutions 
differ from those of native extracted serum. Hartley, Eagleton and Okell 
(1923) have shown that when the dry scales obtained by placing fresh guinea- 
pig serum, or immune serum, in a vacuum desiccator are redissolved in water, 
the average size of the particles in the reconstructed serum is four times as 
great as those occurring in the untreated control ; yet such dried complement 
or immune sera exhibit their specific characteristics unchanged. If, as a result 
of the method of preparation, one obtains colloidal solutions containing 
particles which are larger than those which occur in the normal untreated 
serum, one would expect that precipitation would ve facilitated rather than 
hindered or prevented altogether. 

3. Is the presence of the ether-soluble material of serum essential for the 
union of antigen and antibody? Assuming this to be so, it may then be 
argued that since the ether-soluble substances have been removed this union 
cannot take place, and accordingly precipitation—which is presumably one of 
the outward and visible signs of such union—does not occur. This is an 
interesting point and is still under investigation. From some experiments 
which have been carried out it is clear that, other conditions being the same, 
the amount of complement fixed when extracted reagents are mixed is less 
than the amount fixed when native reagents are mixed together. It is shown 
in a later section that the ether-soluble constituents of positively reacting 
Wassermann serum play an important part in the fixation of complement. 
On the other hand, there is a good deal of evidence to show that union does 
occur in the absence of ether-soluble substances. As pointed out above, 
opalescence occurs when certain extracted reagents are mixed together, and 
this opalescence corresponds to the precipitation which takes place in the 
corresponding control series consisting of native untreated reagents. If no 
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reaction occurred in mixtures of extracted reagents one would expect the 
tubes to remain as clear as those containing the normal serum control. 
Further, as shown in subsequent sections of this paper, union of diphtheria 
toxin and antitoxin takes place normally in the absence of ether-soluble 
constituents, and specific agglutinating and hemolytic sera, after extraction 
by Hardy and Gardiner’s method, behave normally towards their respective 
antigens. 

4. The above possibilities being excluded, it is suggested that the occur- 
rence of a typical precipitin reaction is dependent upon the association of 
ether-soluble substances with the proteins of the immune serum on the one 
hand and of the antigen on the other. This association is more important 
perhaps in the case of the antibody, since this constituent furnishes the bulk of 
the precipitate. That such associations occur in serum has been made clear 
by the work of Hardy (1905), Haslam (1913) and Chick (1914). Chick’s work 
is of particular interest in this connection, and especially with reference to the 
experiments quoted above on the failure to induce precipitation, in mixtures of 
extracted reagents, by the addition of the ether-soluble substances removed 
during the process of extraction. From the results of her experiments Chick 
has suggested that the lipoids of serum are combined or associated in some 
way with pseudoglobulin, and that this protein-lipoid complex constitutes the 
substance known as euglobulin. The protein and lipoid are firmly associated, 
and cannot be separated by repeated dispersion and re-precipitation, but the 
lipoid can be removed by extraction with acetone and ether. The reverse 
operation, viz. the preparation of euglobulin from pseudoglobulin and lipoid 
emulsion, presented greater difficulties. The results were inconstant, and the 
proper conditions for preparing euglobulin with certainty are not yet known. 
In one of Chick’s successful experiments a large amount of serum lipoid was 
added to a small amount of pseudoglobulin, and she considers this procedure 
to be necessary to obtain any union. In the experiments quoted above 
precipitation did not occur when the ether-soluble substances were added to 
the extracted reagents. It may be possible to induce union of the two 
ingredients by altering their relative proportions, as in Chick’s experiments, or 
by some other alteration in experimental procedure. It is not surprising that 
the synthesis of this protein-lipoid complex, a product of the activity of living 
cells, should present some difficulty of solution by such crude laboratory 
processes as we possess. 

The fact that the specific precipitate itself contains so much ether-soluble 
material, together with the fact that precipitation takes place normally when 
this material is present in its natural association with serum protein, suggests 
that the stability or integrity of the protein-lipoid complex is altered when 
antigen and antibody unite. In native serum the ether-soluble constituents 
are combined or associated in some way with the serum proteins, and, being 
present in relatively small amounts, acquire the solubility properties of 
proteins. (When the conditions are reversed, traces of proteins may acquire 
the solubility properties of lipoids with which they are associated; an 
illustration of this is seen in the difficulty of removing the last traces of 
proteins from lipoids.) What the exact nature of the combination between 
protein and lipoid may be we do not know. It is conceivable, however, that 
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the avidity of the antigen for the antibody is greater than of either of these 
for lipoids, and that when union between antigen and antibody occurs the 
lipoid is accordingly displaced from its combination with protein, and being 
insoluble, is precipitated. Precipitates formed under these conditions tend to 
carry down with them, by adsorption, proteins or protein derivatives of high 
molecular weight; and just as Douglas and Dudley have shown that these 
specific precipitates contain a great deal of ether-soluble substance, so Richard 
Weil (1916) has shown that they also contain both antigen and antibody. 


THE ROLE OF ETHER-SOLUBLE CONSTITUENTS OF SERUM IN OTHER 
SEROLOGICAL REACTIONS. 


1. Diphtheria Toxin and Antitoxin. 


Ramon (1922) has shown that when gradually decreasing quantities of 
diphtheria antitoxin are added to constant volumes of diphtheria toxin (the 
reagents being undiluted) precipitation occurs in some tubes while others 
remain clear. Ramon states that precipitation occurs first, in point of time, 
in the mixture which is exactly neutral. Precipitation occurs also in adjacent 
tubes, but the time taken is longer, and these tubes contain excess of one or 
other of the reagents. These results were obtained by Ramon, who uses fresh 
toxins containing little toxoid. With old, mature toxins Ramon’s flocculation 
reaction gives somewhat different results (Hartley, 1925), an example of 
which is given in Table II (see p. 184). 

This reaction is of particular interest from the point of view of the part 
played by the ether-soluble constituents of diphtheria antitoxin in the union 
of toxin and antitoxin and in the phenomenon of flocculation. Animal and 
test-tube experiments can be carried out on the same series of mixtures. 

For this experiment 20 c.c. of diphtheria antitoxin, the strength of which 
was accurately known, was extracted by the process described above. It was 
found, by tests carried out on guinea-pigs in the ordinary way, that the loss of 
antitoxin units during the process was practically nil, which confirms Hardy 


‘and Gardiner’s work. The extracted antitoxin was reconstructed in saline 


and the following experiment carried out. 

2 c.c. quantities of the same toxin were measured out into two series of 
tubes. To one series gradually decreasing quantities of native untreated 
antitoxin were added, and to the other series similar gradually decreasing 
quantities of extracted antitoxin. The tubes were then incubated at 37°C. in 
a water-bath, watched for the appearance of flocculi and the times noted. In 
the tubes containing native antitoxin the reaction proceeded normally ; 
precipitation occurred at the times shown, and next day the precipitate had 
settled to the bottom of the first 6 tubes. Tube 7 was opalescent, and tubes 
8 and 9 remained clear. 0'1 c.c. quantities of the mixtures from each tube 
were inoculated into the shaven flanks of guinea-pigs. There was no reaction 
from the samples from the first 6 tubes, indicating that free toxin was absent, 
while samples from tubes 7, 8 and 9 gave positive skin reactions of increasing 
intensity. From the point of view of the test on the whole animal the 
mixture in tube 7 is very nearly the L, mixture, and this is in agreement with 
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the values of the toxin (Ly dose, 0°20 c.c.) and the antitoxin (500 units 
per C.c.). 

No precipitation occurred in the tubes of the series in which extracted 
antitoxin was used. Tubes 1 to 7 became faintly opalescent and remained 
opalescent for four days, when the experiment terminated. Tubes 8 and 9 
remained perfectly clear. 01 c.c. quantities from each tube injected intra- 
cutaneously gave very nearly the same results as in the other series. 

The same result was obtained in two other similar experiments in which a 
different antitoxin and two different toxins were used. 

The union of toxin and antitoxin is independent of the ether-soluble 
constituents of antitoxic serum. On the other hand, flocculation of toxin- 
antitoxin mixtures cannot occur unless these substances are present. 

In connection with these results, it is interesting to recall that Ramon 
(1922) found that the pseudoglobulin fraction of diphtheria antitoxin—with 
which the antitoxic units are associated—if quite or nearly free from euglobulin 
gives a precipitate very slowly or not at all. Euglobulin gives a precipitate 
which corresponds to the units of antitoxin which it contains. If, however, 
euglobulin be added to a mixture of toxin and pseudoglobulin (from antitoxic 
serum) then a precipitate appears rapidly. Renaux (1924) has shown that the 
flocculating power of diphtheris antitoxin is markedly reduced after contact 
with ether. 


2. The Agglutination Reaction. 


Jouglas and Fleming (1921) have shown that suspensions of acetone- 
extracted typhoid bacilli are agglutinated less easily than untreated organisms. 
The acetone-soluble constituents of the bacilli evidently play a part in 
agglutination by specific serum, and the following experiment was carried out 
to see whether the ether-soluble constituents of. typhoid agglutinating serum 
are concerned in any way with the agglutination of typhoid bacilli. 

Stuber (1915) states that when typhoid agglutinating serum is extracted 
with ether it loses most of its agglutinating power, and that when this ether 
extract is added to normal serum the mixture acquires specific agglutinating 
properties. Krumwiede and Noble (1921) repeated these experiments but 
were unable to confirm Stuber’s results. 

10 c.c. of typhoid agglutinating serum were extracted by Hardy and 
Gardiner’s method and the dry powder reconstructed in the usual way, and 
its properties compared with the original serum. The two series of tubes 
containing antigen (typhoid bacilli) and dilutions of typhoid agglutinating 
serum (native and extracted) were immersed at the same time in a water-bath 
and watched. No difference whatever could be detected in the two series ; 
agglutination proceeded just as quickly, and to the same titre, with extracted 
as with native serum. 

The ether-soluble constituents of agglutinating serum apparently play no 
part in specific agglutination. 


3. Hemolysis of Red Cells by Specific Serum. 


10 c.c. of hemolytic serum, prepared by injecting sheep’s red corpuscles 
into horses, were extracted by Hardy and Gardiner’s method, and the dried 
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powder reconstructed in the usual way. The hemolytic activity of the 
extracted preparation was compared with that of the original native serum. 

The titration of the native and extracted amboceptor was carried out by 
the method described by MacIntosh (1923). The two series of tubes con- 
tained a constant amount of complement and of 5 per cent. suspension of 
washed sheep’s corpuscles and gradually increasing quantities of amboceptor 
(diluted 1 in 1000), the volumes being brought to the same amount in each 
tube by the addition of saline. The progress of hemolysis was watched 
during one hour’s incubation at 37°C. 

No difference in the rate of hemolysis could be detected in the two series, 
and the titre of the extracted hemolytic serum was practically the same 
(0°0006 c.c.) as that of the native untreated serum (0°0005 c.c.). 

The hemolysis of red blood-corpuscles by specific serum is independent of 
the ether-soluble constituents which the latter contains. 


4. The Wassermann Reaction. 


The part played by lipoids and cholesterol in the mechanism of the 
Wassermann reaction has been very extensively investigated. The experi- 
ments described in this section relate to one aspect only of this very large 
subject; they deal with the effect of extraction, by the method of Hardy 
and Gardiner, of positively reacting human serum on its power to fix 


complement in the Wassermann reaction. 

Forsmann’s (1921) earlier work on this subject showed that positively- 
reacting sera, or globulin from such sera, when extracted with ether and 
inactivated at 56° C. reacted negatively. His later experiments, however, 
suggested that these results were due to traces of ether which, as Forsmann 
points out, are extremely difficult to remove from liquid serum. He considers 
that this extreme sensitiveness of the Wassermann reaction to ether explains 
the anomalous results hitherto recorded. 

In the experiments described below a number of positively reacting human 
sera have been extracted by Hardy and Gardiner’s method and their reaction 
in the Wassermann test investigated. Hach sample of serum was divided into 
two parts, one being retained for the control and the other extracted and 
reconstructed in the usual way. The two were tested at the same time and 
under precisely the same conditions, each specimen being inactivated at 
55° C. for 30 hours before being tested. In view of the evident importance of 
traces of ether (Forsmann, 1921, Dreyer, 1923), the dry powders were placed 
in vacuo over sulphuric acid, and kept in the incubator at 37°C. for four days 
before reconstruction and testing. 

The results of two experiments: are shown in Table III. The tests were 
carried out by the method described by MacIntosh (1923), in which constant 
volumes of antigen and complement are added to gradually decreasing 
quantities of the serum under test. The mixtures are incubated at 37° C. 
for one hour, and a constant volume of sensitized red corpuscles is added to 
each tube and the results read after 15 to 20 minutes. Additional readings 
were made on the following day when all the corpuscles had sedimented. 
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TaBLeE III. 
No. of Antigen Patients’ serum. (c.c.) 


per Complement 
tube. per tube. 0:1 0:05 0:025 0°012 0:006 


: | Native ; i Spee... € 8.9.9 


Serum 


serum. control. 


| 
(Extracted. . > &.s 


(Native . OScc. . 24M.H.D. . 4 4 


2 
lextracted ; : a ood GO». 


4 = complete inhibition. 
1 = lesser degrees of inhibition. 
0 = complete hemolysis. 


3, 2, 


The sera were also tested by adding to a constant volume of patients’ 
serum (native and extracted) gradually increasing doses of complement. The 
same result was obtained. In the native condition 0°05 c.c. of sera Nos. 1 
and 2 fixed 2 to 4 units and more than 6 units of complement respectively. 
After extraction the same volumes of serum showed nearly complete hemo- 
lysis in the tube containing 2 units of complement, 7.e. only a trace of 
complement had been fixed. 

Thus, human sera reacting positively in the Wassermann reaction lose 
this power when the ether-soluble substances. which they contain have been 
removed ; such extracted sera behave, in fact, like normal serum. 

In order to investigate more thoroughly the possibility of the result given 
in the above table being due to traces of ether, the following experiment 
was carried out: 

Serum 2 was used. It was extracted in the usual way, the dry powder 
kept in vacuo over pure sulphuric acid at 37° C. for four days and then 
reconstructed. A small sample was retained for testing. The remainder was 
dried on a large watch-glass, im vacuo over sulphuric acid, the desiccator being 
placed in the incubator and kept there for two days. The dried scales were 
then dissolved in the calculated amount of distilled water, and a small sample 
of this preparation also kept for testing. The remainder of the extracted 
serum was dried as before, in vacuo over sulphuric acid at 37° C., and kept 
under these conditions for 2 days, and finally reconstituted by the addition 
of distilled water. 

There were now available for testing four samples of the same serum 
which had been subjected to the following operations : 

(1) Native, untreated serum, reacting positively in the Wassermann 
test. 

(2) The same serum extracted by Hardy and Gardiner’s method : 
the dry powder stored for 4 days im vacuo over sulphuric acid and 
reconstructed. 

(3) Specimen (2) reduced to dryness im vacuo: stored for 2 days 
in vacuo at 37° C. and reconstructed. 

(4) Specimen (3) reduced to dryness im vacuo: stored for 2 days 
in vacuo at 37° C. and reconstructed. 
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These four samples were finally heated at 55° C. for half an hour and their 
reaction in the Wassermann test investigated. 

Now, assuming that the results given in the preceding table are due to 
traces of ether, the operations of re-solution of the powder and subsequent 
drying and storage in a warm vacuum would tend to remove some, at least, of 
this hypothetically bound or adherent ether, and repetition of these operations 
would tend to remove still more ether should any still remain. Then, if the 
conversion of a positively reacting Wassermann serum into one which reacts 
negatively is due, as Forsmann believes, to traces of ether, we should expect 
to find that the property of ‘“‘ Wassermann positiveness”’ would return pro- 
gressively as these traces are removed from the sample; that is, sample 3 
should react more positively than sample 2, and sample 4 more positively 
than sample 3. 

The results of this experiment, which are given in Table IV, show, 
however, that positively reacting serum, after extraction and even after being 
subjected to a most rigorous treatment designed to remove any traces of ether 
which might still conceivably be present, reacts negatively. It is difficult to 
believe that any trace of ether remains in the samples designated (3) and (4) 
in Table IV. 

These experiments show that the importance of lipoids and cholesterol is 
not confined to the so-called “antigen” used in the Wassermann reaction, but 
that the ether-soluble constituents of the serum also play an important part. 


TABLE IV. 


Serum 2. Volume of Complement, 

W.R.+. serum M.H.D. Serum 
No. of per tube. aia ca ~ control. 
sample. (c.c.) 2 4 6 8 


1. Native, untreated . , . 0°05 





Bie os, eens reconstructed . . 0°05 








| Renal 2 deh im vacuo: 
stored in vacuo at 37°C. for - 


0°05 
{ 2days. Reconstructed . } 








.{ stored in vacuo at 37° C. for 


( Sample 3 dried in vacuo again: = 
{ 2days. Reconstructed. | 


4 = complete inhibition. 
1 = nearly complete hemolysis. 
0 = complete hemolysis. 


SUMMARY AND CONCLUSIONS. 


(1) Hardy and Gardiner’s method of removing the ether-soluble substances 
occurring in serum has been applied to normal horse- and normal human serum, 
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specific precipitating serum, diphtheria antitoxin, agglutinating serum, hemo- 
lytic amboceptor and human serum reacting positively in the Wassermann 
reaction. 

(2) By this method a fine white powder is obtained, which is readily 
soluble in distilled water, normal salt solution and Ringer’s solution, and yields 
a clear fluid. 

(3) The antigenic properties of normal sera, ¢.e. their power of evoking 
formation of antibodies, are unaffected by treatment by this method. 

(4) By the use of reagents prepared by this method experiments have been 
carried out to investigate the réle of the ether-soluble constituents of immune 
and other sera in certain serological reactions. The following conclusions are 
drawn from these experiments : 

(a) The precipitin reaction.—Specific precipitation does not occur when 
both antigen and antiserum, which have been freed from the ether-soluble 
constituents which they normally contain, are mixed together. 

(b) Toxin-antitoxin reaction.—The union of diphtheria toxin and diphtheria 
antitoxin is independent of the ether-soluble constituents occurring in antitoxic 
serum. Flocculation of neutral or nearly neutral mixtures of toxin and anti- 
toxin (Ramon’s reaction), however, is dependent upon these constituents. 

(c) The agglutination reaction.—The agglutination of bacteria by a specific 
serum is independent of the ether-soluble constituents of the serum. 

(d) Hemolysis of red cells by a specific serum.—The hemolysis of red cells 
by a specific serum is independent of the ether-soluble constituents of the 
serum. 

(e) The Wassermann reaction—The complement-fixing property of 
syphilitic serum is associated with the ether-soluble constituents of the serum, 
since such sera after extraction react negatively in the Wassermann reaction. 
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By the use of diaplyte antigen it was found to be possible to immunize a 
horse and obtain a serum which was rich in precipitins for products from 
tubercle bacilli. Precipitation occurred not only with extracts containing 
proteins of the bacilli, as was to be expected on theoretical grounds, but also 
with digests of these organisms, or old tuberculin. A precipitating substance 
can thus be obtained which is resistant to tryptic digestion and is also heat- 
stable. It was further found to withstand treatment with a number of chemical 
reagents. 

It is not suggested that this stable precipitating substance is the only one 
present in tubercle bacilli or extracts of these organisms; but its stability is 
remarkable, and suggested the possibility that it would withstand the various 
chemical manipulations necessary to secure a pure product for chemical 
examination. This hope has not been completely realized, but a product has 
been secured which is nitrogen-free and gives a precipitate with immune serum 
in a dilution of one part in six million. 

The isolation of this substance was tedious, and the method described below 
is possibly not the best, and certainly involves the loss of a large amount of 
the total substance in the organisms; on the other hand, a moderately pure 
product was ultimately obtained. 

Preliminary experiments showed that crude tuberculinic acid gave good 
precipitation with the immune horse-serum in high dilution, but on purification 
of this acid by means of the copper salt the precipitating property almost 
disappeared. After many disappointing results, the precipitating substance 
was ultimately recovered in part from the filtrate, after removal of the tuber- 
culinic acid as copper salt. 

Tubercle bacilli (human type, Strain 100) were grown on broth in litre 
flasks for periods of 4 to 6 weeks. When growth appeared to be maximal 
the crusts of organisms were filtered off, on fine gauze or paper pulp, and well 
washed with water. After washing with two small lots of spirit, the cake of 
bacilli was transferred to wide-mouthed bottles and covered with excess of a 
mixture of spirit and chloroform (spirit 2 parts, chloroform 1 part). The 
bacteria were stored in this mixture until a sufficient quantity had been 
accumulated. About 1000 gm. tubercle bacilli, wet weight, were collected. 
The bacilli were filtered on a large Buchner funnel, thoroughly washed with 
spirit, and then sucked as dry as possible. The organisms were transferred to a 
large mechanical mortar and ground up with water. The fine cream was trans- 
ferred to a 4-litre flask together with 2 litres of water. Potash and potassium 
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acetate sufficient to make 2 per cent. of each was added, and the whole warmed 
on the water-bath for 4 hours, during which time the contents of the flask 
were frequently shaken. The following day the contents of the flask were 
acidified with acetic acid, and the bacterial residue together with a precipitate 
which formed on acidification was filtered off at the water-pump. The residue 
was washed with a small quantity of water. The tuberculinic acid in the 
filtrate and washings was precipitated by the addition of copper sulphate 
and filtered off. The excess of copper was removed by sulphuretted hydrogen 
and a large excess of uranium acetate was added. The uranium phosphate 
precipitate adsorbs proteins and tuberculin. 

To the filtrate, caustic soda was added until the reaction was definitely 
but faintly alkaline to litmus. It was found that the greater part of the 
precipitating substance was in the precipitate of uranium hydroxide and 
was probably adsorbed. The bulky precipitate was filtered off at the water- 
pump, using a very small negative pressure. As the whole precipitate reached 
a pasty consistency it was washed with two small successive lots of water and 
then sucked as dry as possible. 

The precipitate was removed from the filter-paper and ground up in a 
large mortar with water. It was then put into solution with acetic acid and 
uranium was removed exactly by the addition of sodium phosphate. 

The filtrate was faintly opalescent, gave a brown colour with iodine, and 
yielded precipitates with immune horse-serum when diluted hundreds of 
times. 

The iodine coloration suggested the presence of glycogen and this was 
ultimately proved to be present. It was separated from the specific pre- 
cipitating substance by means of alcohol. The filtrate and washings were 
concentrated to 150 c.c. and 300 c.c. of 95 per cent. spirit added. The 
glycogen was precipitated, and the specific substance remained, for the most 
part, in solution. The glycogen was purified by repeated re-solution in water 
and re-precipitation with alcohol up to 50 per cent. strength. 0°3326 gm. was 
obtained. 

The filtrate from the first alcohol precipitation was concentrated to small 
bulk, and the specific substance thrown out as a gum with excess of spirit. 
This precipitation was repeated three times. In the final precipitation the 
operation was carried through in a centrifuge tube. The gummy precipitate 
was washed with absolute alcohol followed by dry ether. 0°9774 gm. of a 
white solid was obtained. 

The glycogen.—The specimen of glycogen obtained was found to be 
similar in all respects to that obtained from other sources. It was a snow- 
white amorphous powder, readily soluble in water to yield a solution with a 
milky opalescence. The solution gave a brown colour with iodine, which 
disappeared on heating and reappeared on cooling. It was quite resistant to 
strong alkaline hydrolysis and yielded glucose on warming with dilute mineral 
acids. 

0°0825 gm. dissolved in 10 c.c. of 30 per cent. KOH was heated in a 
boiling water-bath for 34 hours. At the end of this time, there appeared to 
have been no alteration, and by alcohol precipitation 0°075 gm. was 
recovered. 
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0'0859 gm. was hydrolysed with 2°2 per cent. hydrochloric acid for 34 
hours at 100°C. After neutralization the optical rotation indicated glucose 
equivalent to 0°0844 gm. glycogen. From the solution the osazone was 
prepared and this was found to be identical with glucosazone. 

The specific substance.—The precipitating substance was an almost white 
powder, giving a gummy mass with small amounts of water and clear trans- 
parent solution with larger quantities. It gave no colour with iodine, and 
failed to reduce alkaline copper solutions to any appreciable extent. Tests for 
nitrogen and sulphur after sodium fusion showed only traces of these elements 
to be present. The powder lost 6°44 per cent. H,O on drying im vacuo over 
sulphuric acid, and yielded 9°37 per cent. of ash on ignition. 

After hydrolysis with 2°2 per cent. HCl 0°68 mgm. of the substance 
yielded reducing substance equivalent to 0°35 mgm. glucose. No proof of 
the presence of glucose was secured, and it was noted that the hydrolysis fluid 
gave a strong reaction for pentoses. A furfural distillation was therefore 
carried out. 0°1030 gm. was distilled with 12 per cent. HCl in the usual 
manner, and 0°0261 gm. phloroglucide was obtained, equivalent to 30°6 per 
cent. of pentose. Of this phloroglucide 11°9 per cent. was soluble in warm 
absolute alcohol, and thus this proportion was probably methy! pentose. 

0'7757 gm. was dissolved in 40 c.c. of 2°5 per cent. (vol.) sulphuric acid, 
and the rotation of this solution was taken (2dm. tube; Hg. green), = 3°06°. 
The solution was then heated on the water-bath for 24 hours, when the 
observed rotation, under the above conditions, was 0°25°; after heating for 
two further periods of 2 hours the rotation was zero. The sulphuric acid 
was removed with baryta. No crystalline substance could be recovered from 
the solution, but a small quantity of an unidentified crystalline osazone was 
obtained. 

The rest of the molecule apart from sugars is thus unaccounted for. The 
specific substance is relatively stable ; and the prolonged hydrolysis necessary 
to decompose the product resulted in an optically inactive solution, which was 
quite unexpected in view of the probable formation of optically active sugars. 

Precipitation with immune serum.—In testing the precipitating power of 
the specific substance, 0°5 c.c. of each dilution used was placed in a series of 
small test-tubes and 100 c.mm. of immune serum added. The contents of the 
tubes were mixed and the tubes incubated in a water-bath at 40°C. for 4 to 
6 hours. In the higher concentrations precipitation was brisk, but in the 
dower the reaction was slow and never complete in less than 4 hours. 

A dilution of 1 in 6,400,000 gave a definite precipitate with immune 
serum, which settled out as a small flock in the bottom of the tube on standing 
overnight. Normal horse-serum gave no precipitate at any concentration of 
the precipitating substance employed. 


DISCUSSION. 


The isolation of glycogen calls for little comment. Avery and Heidelberger 
record the isolation of glycogen when purifying the soluble specific substance 
of the pneumococcus. They were of the opinion that this arose from the 
medium employed in growing the pneumococcus. In our case this is 
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excluded by the fact that the bacteria were thoroughly washed before being 
worked up. E. Grey reports the isolation of soluble starch from B. coli. 

There is a good deal of evidence to show that the biochemical processes 
of all forms of life are fundamentally the same. It can thus cause little 
surprise when similar or identical substances are isolated from varying forms. 

The most interesting feature in our results is the isolation of a highly 
specific substance which is of the nature of a gum. Avery and Heidelberger 
showed that it was possible to obtain a complex carbohydrate from pneumo- 
cocci which was nearly nitrogen-free and yet gave specific precipitation with 
immune serum in a dilution of 1 in 3,000,000. Further, from group to group 
among the pneumococci the complex gum was distinct, and the sugars or 
other products of hydrolysis were different in all the groups studied. Mueller 
and Tomesik record the isolation of a gum from yeast, which also gave specific 
precipitation with immune serum. We have here another instance of a 
carbohydrate complex with striking specific properties. Much of the 
speculation with regard to antigen and antibody reactions has centred around 
the configuration of the amino groups of the amino acids and their configura- 
tion in the architecture of the protein molecule. It is becoming clearer that 
specificity of a highly selective character can depend on carbohydrate 
complexes, and our conception of the process underlying the union of antigen 
with antibody must be modified accordingly. 

As in the case of the pneumococci, and yeast, the precipitating substance 
is not a true antigen. Though it will give specific precipitates it will not 
induce antibody production, or raise the titre of an animal’s serum when that 
animal has already been slightly immunized. For the production of the 
antibody, stimulation by complex proteins seems to be necessary. 

We believe that for the production of this particular antibody, giving 
specific precipitates with tubercle gum, stimulation by a protein carbohydrate 
complex is required ; and that when this antibody is formed precipitation can 
occur with the whole molecule or with either part separately. We have, 
however, no conclusive evidence in support of our view. 

The gum from tubercle bacilli has no relation to tuberculin. A fairly 
strong solution gave no response when injected intracutaneously into a 
tuberculous guinea-pig. 

In view of Avery and Heidelberger’s results with the different groups of 
pneumococci, it would be of great interest to investigate the several strains of 
tubercle bacilli and determine whether the corresponding gums were chemically 
distinct. Such work is unfortunately impossible for us at present. 


SUMMARY. 


(1) Glycogen has been isolated from tubercle bacilli. 

(2) A carbohydrate complex of the nature of a gum has been isolated 
from tubercle bacilli. This gum gives specific precipitation with immune 
serum. 

(3) The gum is not a true antigen,‘since it fails to induce the formation 
of antibodies. 

(4) The significance of these findings is discussed. 
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IN connection with investigations into poultry diseases, it was necessary to 
test fowls’ blood for agglutination to B. pullorum, which is the causal organism 
of bacillary white diarrhoea in chickens. Sterile tubes were sent to poultry- 
keepers, in which samples of blood from the suspected hens would be returned 
to the laboratory. The blood is taken by making a small cut in the wing vein 
and allowing the drops of blood to run across the feathers and into the tube. 
The weather was warm, and the blood samples received at the laboratory were 
in many cases putrid and useless for test. 

Mr. Dalling, the Head of the Veterinary Department, asked me to try the 
effect of various antiseptics, and mercury biniodide and formalin from 1/400 
to 1/1000 were tried. The biniodide caused hemolysis in the tubes and did 
not restrain the growth of contaminating organisms. In the tubes of blood 
containing formalin no satisfactory separation of serum took place. Both 
these proved unsuitable. 

Boric acid was next tried at dilutions varying from 1/100 to 1/500. In all 
the tubes containing fowls’ blood (which had during bleeding come into contact 
with theifeathers) and the given dilution of boric acid, the separation of serum 
overnight was good ; no hemolysis occurred until the fourth day or later. No 
cloudiness due to the growth of contaminating organisms was visible until the 
sixth or eighth day, and the agglutinating titre for B. pullorum remained 
constant during six days after which the experiment was concluded. 

The small tubes, which contain when full about 2°5 c.c. of blood, are sent 
out containing each 0'1 c.c. of a 5 per cent. solution of boric acid in saline 
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solution. If the poultry-keeper succeeds in filling the tube with blood, the 
concentration of boric acid is 1/500; if he succeeds in obtaining only a few drops 
the concentration of the boric acid is about 1/100. 

The method has been in use for some months. All tubes returned by 
poultry-keepers now permit of satisfactory agglutination testing. 


CONCLUSION. 


Fowl-blood will travel safely for several days through the post, and permit 
a satisfactory agglutination test on its arrival if the boric acid content of the 
tube be between 1/100 and 1/500. 


I have to thank Mr. Dalling, M.R.C.V.S., the Head of the Department, 
for suggesting this work and arranging for my carrying it out. 

It is probable that so simple and useful a method has been used elsewhere, 
but I have not been able to find any reference to it. 

Note.—Dr. Parish allows me to say that he has tested the effect of boric 
acid on sera to be used for the Wassermann reaction. He finds that the 
addition of 0°lc.c. of a 5 per cent. solution of boric acid to each 2°5 c.c. serum 
does not in any way interfere with the result of the test. The boric acid has 
not been added to whole blood, but presumably the method will be satisfactory. 





